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FOREWORD

The aspens--chiefly Populus tremuloides and grandidentata _ are probably the
most widespread hardwood timber species in Canada and the United States. Once
looked upon as weed species in both countries, aspens are now recognized as valuable
not only for timber products but also for wildlife food and cover and as essential to
the esthetics of the North Country.

Aspen management and utilization are changing rapidlv. Technology and experi-
ence have shown aspen to be extremely versatile" it can be managed intensively,
it can be used for a variety of products, and it is adaptable to modern metb_ods of
harvest.

The Symposium speakers were purposely selected from a broad geographical base
in Canada and the United States. The information they offer represents many years

of research and experience by government agencies, universities, and private industry.

We hope these papers will serve as a base upon which further progress will be built.
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SOME PROBLEMS AND ISSUES

IN MANAGING THE ASPEN RESOURCE

John R. McGuire, Chit[
USDA Forest Service

Washington, D.C.

I am happy to be here with you in Duluth, in the heart of our beautifu! North

Country. I arn particularly pleased to have our Canadian associates join us to discuss

ways to increase the production and improve the use of aspen, one of our most
versatile hardwood trees. And, of cou_.'se, it is fitting that we shoulct meet here in the

Lake States where aspen plays a key role in pr'oviding raw material for inclusux
and jobs for local residents. This region is also noted for its wildlife anti recreation

resources, anti aspen contributes significantly to the support of these resources. In tiffs

short meeting, we will be unable to discuss the management and use of as}×'n over

its entire range, but much of what we learn here will also apply to aspen where it
occurs elsewhere in Canada and the United States.

This symposium is one of several held in recent years to bring together the exper-

tise on how to best manage and utilize some of our important true species. By report-

ing here what has been !earnect about aspen throua_h,, research and _,>,_,acticai

experience, we hope we can help each ottler to accelerate progress in solvin_ many

of the remaining problems of managing this valuable species.

We share a common objective: to improve and stabilize the economic status of

those people who depend on the northern forests for all or part of their ti\'ir_£, At the

s_ne time we must satisfy the needs of the general public for other forest va1_,es.

I am pleased with the broad scope of the program for tt_is meeting. We ,,,ii1 find

out how much aspen is available and wIw.re it is located. \re will learn the t,:sults of

manv years of research and experience in gtowing and utilizing aspen---fv_tn the

establishment of new stands through tlw harvesting of mature stands and t}w cot>

version of aspen wood to usable products. We will be brought up to (late o,_ the

latest logging techniqtaes and new opporturfitics in t;tilizati(,n. And w_, wi!I ti_d o,_.,t

how to best manage aspen for wildlife habitat.

gut, as managing, and users c,f the aspen forest |es.ource, we must recocmize the

increased public concern about }low both private and public forest land is ,_anaged_

We must be able to evaluate ttxe impact of our mana_enlcr_t arid timber lmvvcstina
practices on the total environment and find how to minimize these impacts. I[ow

and where we harvest forest products will always be strongly inttuenced by eco-
nomics, but scenic and rec_cation values must receive proper wcigttt in decision-

i making,. Ahhough, it will be impossible to satisfv, everyone's desires, l believe we can

! steer a COUl.'sethat will in the toi_g rtm benefit _nost of our clients. This symposium

should give us some direction for doing this.



National timber needs are steadily increasing. We already have exceeded the

consumption rates predicted in 1962. The use of aspen by forest industries has
increased steadily over the past three decades. Aspen now provides half the round-
wood used by the pulp and paper industry in the Lake States. This use will increase.

Recently-adopted grading rules are expected to result in expanded use of aspen by
the housing industry. _Inne aspen resource will play a major role in the future

development of the forest industries in the Lake States.

The area of aspen type is declining, primarily because of ecological succession.
However, the volume per acre and the resulting total supply of aspen growing stock
is increasing in the Lake States. Overall, the aspen resource is adequate to satisfy the
needs of an expanding industry for at least the next two decades. Local shortages
could force industry to change procurement patterns and harvesting techniques in i

order to maintain an adequate wood supply. The total aspen resource picture is
favorable, but how much of this resource will be available to industry is unknown.

The aspen resource is generally producing far below its potential. If we can do a ii
better and more intensive job of management, aspen will provide an even greater

share of the national timber needs in the decades to come.

Regardless of our needs for wood, however, we must not overlook the tremendous
demands that are being made on forest land for other purposes. This region is
blessed with cool surnmers, abundant lakes and streams, and extensive forests. Ski-
ing, hunting, and fishing attract many visitors. Many come here just to relax in
the forests. Forest landowners--and especially public landowners are under

constant and increasing pressure to provide more and better recreation opportunities.

How can we provide adequate timber ploducts while maintaining an acceptable
forest environrnent for the many people who come here to see and enjoy" tim forests

and lakes? How can we increase or even maintain a variety of game for the hunter
" to harvest and for others to admire? How can we do all these things and also

improve the economic status of the rural communities?

We are gathered here to consider these and related problems. Fortunately, some
guidelines are ah'eadv well established. First. we must intensify efforts to deveiop
and improve the productive capacity of the aspen resource.

Second, we must clo a better job of aspen management. \Ve must manage each i
aspen stand and site conlbination to get maximum benctits flora this resource. At
the same time. we must minimize adverse impacts on esthetic and other values.

Aspen management will t'equire Inore skill and finesse than we have used in the
past.

Third, we must tm prepared to modify our timber management practices where

necessmw to cream the conditions needed for wildlife' habitat and other special
valt_es. For example, where deer and grouse pot_utations need to be increased, we



need to plan and coordinate aspen harvests so the necessary, food and habitat condi-

tions are provided over large areas.

Fourth. we must do a better job of educating4 the p_blic about the need for our

aspen lmr\'esting practices. These will be more acceptable to the viewing public

once people understand that ctearcutting is an essential [)art of aspen management.

\\'e can minimize disturbances and reduce their esthetic irnpact by more judicious
arrangement and location of our harvest tracts. I am confic_.nt that both public

and private land managers,_ can do a better job in this respect.

And finally, we must improve utilization standards. Too much usable material is

_till left in the woods. Ptllp yielcls anti qualify can }-_ increased through hnproved

techno!%Q'. Profit margins might be increased by sorting aspen raw material for

its highest use ..... veneer, lumber, or pulpwood.

\Vithin these guidelines, we rrmst provide managers with workable alternatives

so they can cope with the changing pressures on the forest resource. The task will
not be easy, but it can and will be done.

During this symposium we wilt be remindect that as_m has many desirable char-

acteristics from the forest manager's viewpoint. Its vigorous s_,ckers make aspen
easy to regenerate. [t is so intolerant that rapid natural vhinning and praming occur.

Volume growth is rapid over a short rotation. [ndust_w can use the wood for pulp

and paper products as well as for veneer and I_lmber. At all stages in their devel-
opment, aspen stands furnish food and cover' for wiidiife. And the gotden aspen

leaves provide color and variety in our fatl landscapes.

Geneticists have developed aspen trees that promise to be even faster growing
and possibly more disease and insect resistant than the trees in most natural stands, f

, _,

\Vhen adequate supplies of these superior aspens are available, we will want to i

_apgrade our prese.nt stands.

Recently our Forest Engineering Laboratory at Ho>'_hton, _[ichigan. has found i
better ways to separate the bark from aspen ct_ips. Once a commercially feasible _}

system is devvioped, we will be abl__ to chip wi_oie t_<_esin the woods and signifi- i
cantly improve utilization of the aspen resot_rce and the esthetics of ha_wested areas.

_ ioh little easier, but in r - -. _ ."['t_es(' pluses make c)ur a .hcm,e,ves tb_ev will not solve our

problems. This symposium will bring us up to date on what we know at×rot ma.nag-
ing and using the aspen resource. I hope it ,,,,ill also pinImint those areas needing

further study so that rcsearclmrs can ,_et busy (m t}_ese oro_len_s as soon as possible.

One last worci. We all grant that aspen is an i'_nt)ortant component of ore" northern

forest resot_rces, b,.,t we must not lose sight of ti_e fact _hat conitcrs and many other

hardwoods are equally important. _['oxether, they co>reprise one of the most valuable

and heavily used ,-esources in the. w(_rld. As we focus o_,,r attention on aspen here,

we must be mindful tlmt aspen is rmly part of an ecolo,:zicai comph.x that will chal-

lon<_e our scientific and managerial talents.



THE RESOURCEAND ITS POTENTIAL ....

IN NORTH AMERICA
t(ioS.

J. L. Keays, Research Scientist TOT_

Western Forest Products Laboratory, Canadian Forestry Service
Vancouver, British Columbia, Canada

i_i.._, ,c_
,_c(% i :

ABSTRACT.-Tile United States and Canada have different problems with .;_t __>_ "i
respect to the utiiization of their aspen resources. In the United States, aspen is i

more highly concentrated and its use, particularly in pulping, is well established z wii! ii
and increasing. The present cut of aspen is roughly 50 percent of allowable CUlt, :_-11_r i

o -)and within at. veai"s: the allowable cut will probably double" growth and use will be ,,.re,as 1
in close balance b7 the enci of the century. This patte'.'n of aspen use arises from Cana {
the fact that in die regions where it is most abundant (Lake States) there is a

diminishing suppiy of softwoods, and also a well-established and diverse pulp and
paper industry. Compared with the United States, Canada has five times as much

aspen anti harvests less than half as mtlch. Aspen resources are more widely spread" i_
the cut is srnai1 and is not increasing appreciably. No change in this trend is antici- [

pated in the near future. Even bv the turn of the centu:'v, it is likely that less than _ {n t}_c
half of Canactas annual allowable cut of aspen wilt be utilized. Present evidence -,,v\es
points to the conclusion that most of the aspen in Nord: Aanerica will be used for

: W()FIC(

fiber products--pulp, paper, paperboard, fiberboard, and composition board. A :,ble

rnitl complex utilizing; aspen arm softwoods is outlined. ! -: I>ui!- ;
" :,()('n CI

fn (-:_ :'1
The Populus genus in aeneral and the tremuloides reviews Lamb 1967. Maini and Cavford 1968) on..... " :: ()nL:

species in particular occupy a _:niclue position among aspen 1 have been published.

commercial woods. They are amono- the most widely T(
distributed, they grow on a wide range of sites, and Table t. - Forest resources o tke United States and

under favorable conditions, they can be extremely Canada

fast growing Bella and Jarvis 1967. They are "In rniiIion cubic meters)

particularly susceptible to a i:ost of diseases and I : : : : Proic
predators (Graham et aL 196,>co . and compared with co,_:_y : -rot_a : soft_ooe_ : _L_,rawooa_: a._p_, ]; {_nited

I : : : 4 -i/, Was

manv species, the), are rather short-lived. In many (2/) {
gnLted Sta:es,_' 19 ,800 L:.3,L00 6,700 - 460 I : :'%OLII'('tareas, they have been considered to be an undesirable c ...... da_4/ 2L,200 !7,200 .,000 (k/)2,3_)cJ i

weed species- in other areas, tiler are considered _J >t_tdies
1.' :;et ",'2kua_e of t::maer on co:rz:'erci.al_ forest Lands.

among, the more desirable of _Zantation_ species. A1- i'akea-from: LSDAFores¢ Service. -ir:aer trends i:,. ttte United _tU(2LtO[

though thev represent only a s:'na.il fraction of total s_=_. kc:so'ar. :tep. LT: p. ,1.50, L59, 160. Lgu5. )_'<k'_'t" i! _ v,
, 2 Aspen plt.ls c.ottozwood. The most recent value obtained

forest stock [7 percent in Nor_?- Arnerica (table 1_, : ...... _,,e _:.s. _.... ,:_. _._500_t*,.:...... _t ..... : ..... :_ad we"
HercT"antable vo/z_me. Taken from: Can. Pomini, on Bur. l{

2 percent in the Soviet Union Tseplyaev 19651 ], s_:_s=. C...... iiar, #........ 'statist ..... L963.... d _964, Cat.. .uev 19,
25-202, Ottawa, Ortt. p. 7. 1967.

their anomalous position gene:ailv, and the extent _,_eo:_..::.... pp..... _,_,, e. _........_oi<_os. c}_at tI

to wlfich they represent probie,.,.is and opportuMties than tt
in growth and utilization is irdicated bv the fact for ha_

that there is more technical literature relating to _ Unh.,,- otherwise specified, in the baIance of States,

Popuh_s species than to any ot::er woc_i, A number this paper t_' cin<..*h"name "'aspen" refers to "aspen of eco r
of comprehensive biblio.,.zTaphies Brown et at. 1957, /)Zz,._"cotto,::c.ood'" f<_r United States data and to ":tilize Y(

Roth ancl Weim'r I964. Farmer Lind McKni_ht 1967, "'Populus -,:_s_. ma/,,t/v P. tremuloides Michx.'" [or to war 3
Shoup ct aL t968, Pronin and Vaushan 1967) and Cateadian data. {:tlt is

4



Tile purpose of the present report is to broadly Table 2. Net volume of timber in the United

review PopuIus in North America in terms of re- States _
_ources and utilization, and to indicate probable_" : Hillion

trends in growth and utilization over the next three s_ec!es : cubic
decades. : meters

Eastern softwoods 2,800

TOTAL GROWING STOCK- PRESENT Ea._t_r-__:=d,,'_ 6,100
Eastern as_enm; 290

General wes te rn so ftwooda I0,300
Western hardwoods 600

Western aseen_2/ 170

The relative position of aspen to other wood re-
!/ l'aken from: USDA

sources is shown in table 1, which gives the total Forest-Service. _imber trends
wooct resources of the United States and Canada. in ti_e Uniced S:ates. Resour.

Rep. 17: o. 149, 150, 159, 1.60.

It will be noted that hardwood growing stock is 1965. 2/ Aspen olus cottonwood.

much greater in the United States than in Canada,

whereas the growing stock of aspen is much greater
in Canada.

Distribution ]'able 3. Net _oh_nze of aspen 1 in the United
State; z

in the United States and Canada (In million cubic meters)

: ; Percent

In the United States, 63 percent of the total aspen : 7o:al : Aspen : of total

r'eser_'es are in the East (table 2) ; the bulk of aspen Region .: hardz¢oods : : _ aspen
is concentrated in the Lake States and Colorado

New England States 500 25 5.4

(table 3). In 1964, the aspen cut in the Lake States i4id-Atlantic Sta_es 2,290 27 5.8
for pulp was 3.56 million cubic meters and the total Lake States "80 208 45.0

aspen cut was 5.0 million cubic meters (Lamb 1967). Co.ntral StaEes _80 22 4.7
Colorado 102 69 15.0

In Canada, the largest volumes of aspen are found Total i, 700 460 100.0
t968) on in Ontario, British Columbia and Alberta (table 4).

i/ Aspen plus co_on:,'ood.

2/_ Taken froT: USDA Forest Service. Timber

t_t_s_g TOTAL GROWING STOCK- FUTURE trends in the Uai_ed Stanes. Resour. Rep. 17:p.149,_50,z59,z_o. >_5.
United States

Projections for hardwood timber growth in the

;,-_>:, United States are given in table 5. No detailed analy- TaMe 4.---Net ,;zcrchantabIe volume o/ aspen 1 in
sis was found for inventory changes in the total aspen Ca_zadae(2/j ,., ;_

/>2,>,,_ resources in the United States. However, individual (In million cubic meters)
studies (Stone 196t, Chase 1968) indicate that thei'5.

_ :_._:_ area of aspen forest, and the aspen growing stock, : !'eta_ : : t'ercent 1

<_:_::_:::,a have increased substantially over the past 40 ?ears, Region ?-ard'.,:oods : Aspen : of totalt

.... . .... and would bc expected to continue increasing (Quin- : • : aspen

c_:. hey 196l, Croft 1966). It is assumed, optimistically, ontario 1, 20 496 27

that the growing stock of aspen will show no less Alberta __70 470 25 !iBritish Co.lumbi_ ..0 397 21 i:

than the 3 percent uncompounded increase indicated Saskatci_ewan -5#0 246 13 [.

for hardwoods generally in table 5. In the Unitecl fetal 3,_.00 i,860 100 l
E'aTzce o/ States, the basic problem of aspen utilization is one l:/ _j)ulus spp., :::ain!y P. tremul.oides. _g

, "'aspen of economics rather than developing new ways to 2/ Taken _ron': :,_aini, J. S., and J. _t.

and to utilize the species. There is sufficient aspen at present Cayford _,editors . _rc:;:i: and u_;ilization of
poplars tn Cannca. Ca:',. _)ep. For. Rural Dev.

)x." /or to warrant, say, twice the present cut, but the present Publ. [205: p. "Lg. i_,_8.

cut is limited by the fact that there is not a sufficient

5



Table 5.--Estimate o/future growing stock, growth PRESENT UTILIZATION i,.!_Ic 7.-
and cut o/hardwoods in the United States t

(In rail[ion cubic meters) As evidenced by the world literature, aspen can be

used for a large number of end products. Table 6 -,:.-at
Year : Growing : Growth2/ : Cut

: stock : : gives the broad categories of aspen use in Canada. _30J_-/
, ,, ,)i/

1952 4,700 187 94 7';7
J-0 j±/

1962 5,500 207 82 Table 6. Use of aspen in Canada l, ),early average, : _,:o3/1970 6,200 207 99 ....

1980 7,100 198 122 1961-1965 ''>_/

1990 7,700 181 156

2000 7,600 181 204 : Zillion !;'

Distribution : cubic rocure:>

I/ Taken from: USDA Forest : =eters ):_ogr.

Servic--e. Timber trends in the United 2/

States. Resour Rap. 17: p. !32. 1965. Allowable annual cut 41.00 "2:_rsT °

2/ Net annual growth _lus Actual annual cut 2.14 '1942-19 :

ingrowth. Pulpwood !.24 _4, 2 p !
Plywood .28 ?:-ui, Zi
Composition board .25 3/

Sa_¢mil is .14 _:_,,__.es 7' i

Exports .23 5D,\ For
. _.2teS 7

supply of quality logs at competitive prices to warrant L/ Taken from ; Maini, 5. S., /Z/ -
exploitation, and J. H. Cayford (editors). :,<e 5:::_

1968. Growth and utilization of ::: 196v.

poplars in Canada. Can. Dep. For. :_. •

The above assumption that the growing stock of Rural Dev., Publ.1205: p. 233. ]

aspen will double within the next 30 years assumes

some application of new logging, siMcultural, and !•:&.,'e 8.._

utilization practices. It is reasonable that application

of new harvesting techniques (Paper Trade Journal i t
1971), the harvesting of smaller diameter trees The general pattern of aspen use is much the same i

• h
(Keays 1970a, p. 25), shorter rotations (Keavs 1970a, in the United States as in Canada, but the magnitude -_ea_
p. 24) and the utilization of puckerbrush 9 would and trends of use have been different. In Canada, i "

U
increase the volume of aspen available for use. The pulpwood accounts for 60 percent of aspen use. In z.':;_>:_:

problem is one common to most projection analyses the Lake States, pulpwood use is a higher percentage i._7_)-_: ,. e

to distinguish between what might be clone and wlmt of total aspen use , Lamb 1967). However. where :9_:_. -'_
- " !985k

actually will be done . see pages I0-15}. there has been a slight decrease in the use of aspen i _.990L_
for pulpwood in recent years in Canada (Clayton !:>!.j(.,;_,.L -_(

Canada 1968', there has been a faMv steadv increase in the . ............ -_-c. ;1_
use of aspen in the Lake States pulp mills (table 7). :c:;_re::

in de:

The same general principles discussed above are _.or. :
applicable to aspen growing stock and use in Canada. FUTURE UTILIZATION

The area of aspen forest will probably increase some- United States _ _:_>2
what, particularly, as the result of a retreat from i_eso,..:

uneconomical farm lands" the use of smaller diameter It is expected that aspen use in the United States , repre i f
!') :55 t_

trees and shorter rotations (Belia and Jat_,,is 1967_ will follow much the same patterns as in the past. The

would give appreciably more aspen than the 2,300 rise of aspen for many solid products iVaughan s
rl

million cubic meters considered as growing stock 1965) ',rill show a moderate increase. Growth in the Increas.

at the present time. As discussed below, the serious use of aspen for solid products will be limited by , p_'cted to .
lC

problems in Canada are to find ways to utilize a larger competitive products, markets, and particularly by a :di?', and• [
part of the aspen alreactv growing, and more par- linfited supply of high-quality peeler and saw logs. iacvease i
ticularlv,, to clevelop new concepts of aspen utilization.

t
Much of the increased aspen cut will be vsed for

tibet" products--fiberboard, composition board and '

pulp. Table 8 gives an estimate of future pulpwood tn (.:ar_ :-e
" Young, H. E. Personal communication, production in the United States. _sc, of as

6



i(il

-;able 7. .-l,pe_z pulpwood production in the Lake expected in the near future (Canada Department of
States Forestry and Rural Development 1968). In spite of

aen can be : )'.iLl:ion : Percent of total vast aspen reserves, there is a limited supply of quality

s. Table 6 f_ar : cubic meters : _u!pwoodcut logs that can be extracted and processed economic-

Canada. :__::i 0.14 4 ally. At the present rate of expanded aspen use, the
-:_:: .37 9 total use in Canada might reach l0 to 15 percent

7__.--:_ t.5 ?7 of the annual allowable cut within 15 years. Realiza-
_y average, -: : :__ 3.4 as

::-: <- 4.1 50 tion of any large part of the aspen potential will have
to involve new patterns of use. One example would

)-n--I ]= ia?an from: Pulpwood stands, be large-scale use of aspen for light framing lumber.
! i :r:: an/ utilization. 1947. Tappi:.:rtc :_r. , "_a:,. "fork. p. 50. Another example, inclusion of steamed aspen in stun-

7-- Taken from: Horn,A. G. 1952. Ten dard diets for ruminants (Bender et el. 1970), is un-
) I )ears pulTwood production in the Lake States

t' 1_22-17,51). USDA Forest Serv. Tech. l(ote dergoing extensive trials (Heaney and Bender 1970)._
{ 5-_--, 2 ?. Lake States Forest Exp. Sta. , St. Initial results indicate a potentially new use for aspen,

/ ] >a_2, _i:..n::. but the quantity of aspen that might be thus con-: Taken from: Horn, A. C. 1961. Lake)

i --ate_ 7.:i7-_ood production up 11 percent in 1960. sumed is difficuh to predict. A third possibility is

7-24 7eras: _erv. Tech. Note 606, 2 p. Lake increased use of aspen for furniture stock, which is
5:a:as Forest Exp. Sta., St. Paul, Hinn.• , _'_ 2"aken from: Blyth, James E. 1970. under active study by the Eastern Forest Products _
L_i<e 5:_.:es pulpwood production rises 11 percent Laboratory, the Manitoba Department of Industry

_" 196_'. USDA Forest Serv. Res. Note NC-100 and Commerce, and the _ " Department of.... Canadmn
2 _. 5. Cent. Forest Exp. Sta., St. Paul, :_inn.

[ndttstw, Trade and Commerce.

Treble 8.--Production o/ roundwood pulpwood in With present knowledge, it is difficult to guess
the United States when these new Canadian use patterns might evoh, e.

/In million cubic meters) Most of the recent expansion in pulp production has
the same involved use of preferred softwood species, particu-

lagnitude fear : Softwoods : ?{ardwoods larly in British Columbia (British Columbia Hydro
Canada, : : and Power Authority 1966). There are still reserves

1 use. In : :76_/ 55.5 17.5 of preferred softwoods in British Columbia, the
2rcentage "__7:-_ 76.1 34.4 prairie provinces, and in eastern C,anada, and it is
r, where i l_5l_-/ 121.0 59.2 reasonable that these resources will be used prior to

; i_'252_:. 146.0 73.9

of aspen i 15:_ 22' 3/(167.0) (90.0) any massive expansion in aspen use. This trend may
(Clayton i :t.c::i: (210.0) (120.0) be modified by government policy necessitating in-

se in the ; creased aspen cut. Large-scale use of softwoods in
"/ Taken from: Hair, D. Use of

table 7). regre_si:n equations for projecting trends the prairie provinces may be delayed because of dis-
in !at.and for paper and paperboard. USDA tance froln markets and other adverse economic
7:_r. -err. Resour. Rep. 18: p. 53. 1967. factors.

2/ Taken from: USDA Forest Service.

71=:er :rends in the United States.

?'_az'ar..:._p.k7: p. 70. 1965. At some time between now and the year 2000,
3/ The numbers in parentheses

d States re.zreSen: 7rojectionsof L_ight !{aic's probably between 1980 and 1990. the world demand
!_r_5 es:i:aates, for fibe," products (Keays 1970b, Solomko 1970)

_ast. The combined with unavailability of softwoods will lead

/aughan to the exploitation of Canadian aspen resources. It

h in the !ncrea__d use of aspen in pulping would be ex- is likely that there will be an inte,'im period when

fited by :)ected ,,_ parallel increased use of hardwoods gener- existing pulp mills will use more aspen, and there will

fly by a ail_', ant the. next 30 years should see a four'fold be increased pressure for the use of aspen by mills

logs. increase in the use of aspen for fiber products, not presently doing so.

_sed for Canada
xd and

dpwood In Canacia. no more than a modest increase in the

use of :_spen for solid products or for pulpwood is "_ Bender, F. Personal cornm_nication.

7



:_'_ _,_<_:,,_>_<_,_,%;_: ,,_.....................a_,_®_L;_i_,%_>_,_,e_._._._,_e,_._..,_,i_,:................_>N_._,.,i_;i;_;;,_._#_>N._._,,,_,-_,,.:,_>_,._._,,,_,___<, ,,,_:_._ _, ,_,_ ,,_y.:_,__%_;_i:,_,,_,_,i̧_,_,.__i_,_;, ili;ii¸

i ii(! i

A number of developments can be expected in this or partly converted into newsprint. Stream B involves _,f al!owabl
cut will pr_quantum-jump increase in the use of Canada's aspen manufacture of aspen bleached kraft pulp and aspen

resources: (1) The development of large, integrated chemigroundwood pulp (Richardson and LeMahieu close balan

complexes combining plywood, lumber, veneer, di- 1965). The latter in admixture with softwood _,faspen u_

mension stock, and fiber products; (2) the use of bleached kraft pulp could make up a newsprint aspen is

large amounts of aspen in kraft pulping for fine furnish (Perry and Canty 1971). The remaining diminishin'_

papers; (3) the development of a pulp suitable for aspen bleached kraft pulp could either be sold as such '_ished and

high-quality newsprint, probably with no more than or used with softwood bleached kraft pulp to manu-

a small addition of softwood pulps, by chemical treat- facture a variety of fine papers. i'able 9. --

ment of aspen, followed by refining and by brighten-

ing or a mild bleaching step; and (4) the manufae- SUMMARY _er_,_
ture of fine papers from pulp mixtures of mature

softwoods and hardwoods. The aspen resource and its uses in the United United E

States and Canada are summarized in table 9. It is PreseR

A suggestion for a future mill complex, or an ex- apparent that the two countries have different aspen t :a 15In 30

tension of the complex suggested by Vaughan (1965) utilization problems. In the United States, aspen is t Canada iutilizing aspen and softwoods, is shown schematicatlv more highly concentrated and the use of aspen, par- Prese.:

in figure 1. Stream A involves manufacture of soft- ticularly in pulping, is well established and increas- !i _aza_530 !:I '

wood bleached kraft pulp, which can be sold as such ing. The present cut of aspen is roughly 50 percent ............. !I

SOFTWOODS (A) ASPEN (B) Compa_
_imi's as

_nuch. As!

ftll_ UF(*. E\

that Iv,ss t :

Zumber.,_-.I Dimension ' v,_ aspen i:

stock and_ _er _ geneer c_mcic_sior
lumber tP I nt j wiiI bc us.

I residues residues Figure 1. Schematic diagram o/ board, fib
tl

proposed softwood-aspen pulp d
residues mill complex.

' 1i gella, I. E.

r of a yr)v

[ Bleached I I [ Bleached ] Con. 68
Chemigr0undw00d Bcndcr, F..

kraft mill mill kraft mill of st<_,:

Softwood I I )
market : = [Newsprint British (:o_
pulp I mill _ pulp an :_

Va n(Lt) _]\

Brown, (2,
Newsprint and pui_

Bibiogr.
Canada D

1968. _I

-[Fine paper mill]= _ 1967.) ]- _ Chase, Ch.

For. Sc_Stn., St
Fine papers Hardwood Clayton, Y

market
pulp
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B involves of allowable cut. and within 30 years, the allowable pulp and paper. In Maini, J. S., and J. H. Cay'ford

and aspen cut will probably double" growth and use will be in (ectitors/. Growth and utilization of poplars in Canada.

LeMahieu ck)se balance by the end of the century. This paper Can. Dcp. for Rural Dev. PubI. t205, Ottawa, Ont. p.I69-190.
softwood of aspen use arises from the fact that in regions where

Farmer, R. E., Jr., and J. S. McKnight. 1967. Populus:
newsprint aspen is most abundant (Lake States), there is a a bibliography of world literature, 1854-1963. USDA For.

remaining diminishing supply of softwoods and a well-estab- Serv Res. Pap. SO-27, 132 p. Southern For. Exp. Stn.,

)Id as such [ished and diverse pulp and paper industry. New Orleans, La.

to manu- Graham, Samuel A., Robert P., Harrison, Jr., and Ca_y

Table 9. [_stimate of [uture aspen resources and use E. Westell Jr. 1963. Aspen -- phoenix trees of the Great

(In mi[[ion cubic meters) Lakes region. 272 p. Ann Arbor: Univ. Mich. Press.
Groff, 2lichard W. t966. Minnesota's aspen and its projected

: Ti:'ber : _lowable : Actual supply. USDA For. Serv. Res. Note NC-4, 4 p. Northl-'eriod
: volume : annual cut : annual cut: Cent. For. Exp. Stn., St. Paul, Minn.

le United Laited States Heaney, D. P., and F. Bender. 1970. ]'he feeding value of
le 9. It is P,.:e_e_:: 460 9 4 steamed aspen for sheep. For. Prod. ]. 20(9): 98-I02.

-ent aspen r.n t.5 ?'ears >700 14 10 Keavs, J. L. 1970a. World deveoipments in increased forest
In 30 ?'ears :.900 18 18 resources for the pulp and paper industry. Can. Dep.

, aspen is Canada Fish. For., For. Prod. Lab., Inf. Rep. VP-X-64, Van-

spen, par- Present 2,300 46 2 couver, B. C.
d increas- _n 15 )'ears .3,000 6O 6

in 30 ?'ears ".3,500 70 25 Keays, J. L. 1970b. Wood supply" and wood-products de-
0 percent mand to the year 2000. Can. Dep. Fish. For., For. Prod.

Lab., Int. Rep. VP-52, Vancouver, B. C. i1 p.

Lamb, F. M. 1967. Aspen wood characteristics, properties
and uses: a review of recent literature. USDA For. Serv.

Compared with the United States, Canada has five Res. Pap. NC-13, I5 p. North Cent. For. Exp. Stn., St.

times as much aspen and exploits less than half as Paul, Minn.

much. Aspen resources are more widely spread; the Maini, J. S., and J. H. Cayford {ieditors). 1968. Growth and

aspen cut is small and is not increasing appreciably, utilization of poplars in Canada. Can. Dep. For. Rural

No change in ti_is trend is anticipated hi the near Dev., Pubt. t205:257 p.
Paper Trade Journal. I971. One hundred percent timber

future. Even by the turn of the century, it is likely harvesting: a dream come true? 155 (30): 28-29.

that tess than half of Canada's annual allowable cut P_-rry, Frederick G, and Canty, Claire. 1971. Improw_d

of aspen wili be utilized. All evidence points to the economics and better quality for mechanical pulps. Pap.

conclusion that most of the aspen in North America Trade J. I55(30): 30-33.

wilt be used fox* tiber proctucts --- pulp, paper, paper- Pronin, D. and C. L. Vaughan. 1967. A literature survey
of Populus species with emphasis on P. tremuloides.

iagram o[ board, fiberboard, and composition board. USDA For. Serv. ires. Not(? FPL-0180, 30 p. For. Prod
_en pulp Lab., Madison, Wis.

Quinney, Dean N. 1961. More forest hind in the northern

LITERATURECITED Lake States? USDA For. Serv. Tech. Xote 6O0, 2 p.
Lake States For. Exp. Stn., St. Paul, Minn.

Belta, I. E., and J. M. Jarvis. 1967. tligh total productivity Richardson, C. A. and J. R. I.cMahieu. 1965. Supcrground-

of a young aspen stand in Manitoba. Pulp Pap. Meg. wood from aspen. Tappi 48(6"_: 344-:_46.

Can. 68(10"_: WR432-WR437. Roth, L., and J. Weiner. 1964. Consthution and pulping

Bender, F., D. P. tqeaney, and A. Bowden. t970. Potential of aspen and i×)plar woods. Inst. Pap. Chem., gibliogr.

of steamed wood as a feed for ruminants. For. Prod. ]. S_'rv. !84, Suppl., Apph'ton, Wis.

20i4"_: 36-4t. Shoup, I. M., I.... D. Nairn, and R. It. M. Pratt. 1968.

British Columbia tIydro and Power Authority. 1966. The "Frcmbling aspen bibliography. For. Res. Lab., Liaison

pulp and paper industry of British Columbia. Ed. 2, Scrv. Note MS-L-3, Winnipeg, Man. 81 p.
Vancouver, t3. C. 68 p. Sotomko, V. S. t970. World pulp and paper industry.

Brown. C. L., G. Sealer, and J. Weiner. 1957. Constitution B',mazh. Prom. 12: 8-9.

and pulping of aspen and poplar woods. Inst. Pal:). Chem., Ston% Robert N. t961. Current tin_bt-r growth estimates for

Bibiogr. Serv. !84, Apph:ton, Wis. the I,ake States. USDA For. Serv. "Fvch. Note 60:1, 2 p.
Canada Departing'mr of Forestry and Rural Development. Lake States For. Exp. Stn., St Paul, Minn.

t968. (Report nat. poplar comm. to int. cornm, for 1965- Tseplyaev, V. P. t965. The forests of _he U.S.S.R. Transl.

t967.) Dir. Program Coord., For. Br., Ottawa, ()nt. 29 p. from Russian by Prof. A. Bourevitch. Israel Program For.

Chase, Clarence D. 1968. Michigan's timber volume. USD.\ Sci., Jerusah:m.

For. Serv. Res. Note NC-50, 4 p. North Cent. For. Exp. Vaughan, Coleman I.,. 1965. Prospects for future aspen utiti-

l Stn., St. Paul, Minn. gation. Ann. Meet. Manitoba Sect., (_;an. Inst. For., Win-
Clayton, D. W. t968. Use of poplar for the manufacture of nip(.g, Man.



PROJECTIONS OF INVENTORIES _n addi

IN THE LAKE STATES catc wh
!nstituu
,.,hat sh

William A. Leuschner, Assistant Pro[essor _ ,:_,_ourc_
Division o[ Forestry and Wildli[e Sciences

Virginia Polytechnic Institute and State University i

Gooc!

ABSTRACT.--Today's apparent aspen surplus cannot continue indefinitely in .,.i:hin "
all re_ons if the historical trends of cut, growth, and utilization continue. The great- I'hree
est potential difficulties lie in northeastern Wisconsin and Michigan the brightest _; th_ '
outlook is in Minnesota.

_ota, (

_ala ([

In 1970 nearly two million cords of aspen pulp- a research paper. Individuals making serious use of <urvey
wood were cut in Michigan, Minnesota, and Wis- the results are urged to obtain this paper because a !)roject
consin. This cut was about 50 percent of the round- summary as presented here cannot give sufficient ._r_v on
wooct pulpwood harvested in the region. The results background and details. :,_ot wi:
of a recent studv indicate that in parts of Wisconsin

and Michigan recent cutting trends cannot be sus- FUTURE RESOURCE CONDITIONS Befotained in the future. _i:at _}

Projections were limited to three sets of conditions :}:ey gi
The study had two objectives. The first was to pro- that were judged generally indicative of what could :_recise

vide a common source of inventory data for aspen happen to the resource. The sets of conditions, or '_-vel a
by describing the current status of the growing stock assumptions, were called recent trends, breakup, and :he ass
in a base year for all survev units in the study, a The positive practices and were used to project cut and ii o
second objective was to project to the year 2000 growing stock in each survey unit. The
future levels of cut and growing stock under several ,,,_sum!

sets of likely conditions. The present paper will dis- The recent trends projections show what the cut :_pon x_

cuss only tile second objective, and growing stock would be if trends which prevailed :),:ojec_ :d
in the last decade or so continued into the future. _ :hat la o

The full results of the original study and the details They are derived from changes between the last [ :esuhs.two
<hould :r

of the projection procedure ,,viii be published soon forest survevs or from recent historical trencis. These _heless n
by the North Central Forest Experiment Station as projections can act as a standard of comparison and

mav indicate whether or not we should change our
current practices.

This paper summarizes the results reported in

Leuschner, William A., Present and [uture aspen Aspen trees begin to cleteriorate rapidly after they The h
inventories in the Lake States. (Ma:nuscript in prep- reach maturity, a process commonly called "breakup."
aration.) Although most focesters agree breakup occurs, there iaacce ) •x

'a Tl_e author was Economist, North Central For- is a difference of opinion about the amount now and region i! a_
, r for th. )iest Experiment Station USDA Forest Service, St. in the future. Unfortunately, field data to answer

Paul, Minnesota, at the time this paper was written, these questions are not readily available. The breakup F]
a Survey units in the .ctudy were Michi,/an's East- condition simulates widespread breakup occurrin9; Re_: _

'- tory i_ n
ern and IVestern [,'t2p_r Peninsula and Northern immediately thereby projecting a minimum or "worst-
Lower Peninsula" Minnesota'_ Lake Superior, Cen- likely" condition, of the
tral Pine, and Rain): River: and Wisconsin's North- If rec

in gro l:
cast, Northwest, and Ce_tra! u_?its. Land managers' actions could diminish breakup or

10
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change recent trends. Some actions will usually have the breakup assumptions most units maintain their

an additive or positive effect on the level of aspen inventory levels. The positive practices projections

2rowing stock. The posith, e practices assumptions indi- generally show a redistribution of inventory to more

(:ate what these actions could accomplish if they were realistic levels and the advantage, if any, is in im-

instituted toclay-- thev are NOT a prescription of proved volume ctistribution by diameter (fig. 1).
,.,}_at should be clone to increase the volume of aspen

zesource in the Lake States. Wisconsin and Michigan's Upper Peninsula

REGIONAL PROJECTIONS Five survey units in Wisconsin and Michigan's

U.P. were allowed to interact for this set of projec-

Goods and services, including harvested aspen, flow tions. The recent trends and breakup projections

witiain and sometimes between economic regions, show that in 15 to 25 years northeast Wisconsin and

Fhree regions were identified for use in this study: the U.P. will not be able to support their projected
t) the three northernmost sur'vev units in Minne- cut.

sota, (2) the northern three survey units in Wis- .

_onsin and the two units in .Michigan's Upper Penin- Further, all the timber cut from these areas after

stzla (U.P.), and (3) the Northern Lower Peninsula the cut is diminished is projected in the 6- and 8-inch

ous use of survey unit in Michigan. These three regions were d.b.h, classes. However, if indust W will take this

because a i)rojected separately which meant the units within small diameter stock the region _ a whole can sup-

sufficient any one region could interact with each other but port the projected cut until about 1995 (fig. 2).

r_et with the units in other regions.

There is a rapid and steady decrease in growing

_]S Before discussing the results it should be mentioned stock inventories in the early ?'ears for those units
that these are projections, not predictions. Although with a diminished cut. The other units show vawing

:onditions they give an exact amount of inventory or cut at a degrees of increased growing stock, at least in the

hat could precise point in time, they really indicate the general early years of the projections.

itions, or level and approximate timing within the bounds of

,kup, and the assumptions. Under the positive practices assumptions each unit
cut and is able to support its projected cut. Essentially, the

The reader should be careful to understand the cut is shifted from those units which did not sustain

assumptions before making major decisions based it and is added to the other. Positive practices also

the cut _pon the projections. He shoulcl not interpret the project an increased proportion of volume in the

prevailed projections too literally, and he should remember larger diameter classes. The growing stock projections,
future, that land managers can change conditions and hence while improved, still show a downward trend in most

last two results. Although the projections are qualified and survey units.

s. These should be made anew every few }'ears, they are, none-

ison and theless, useful tools. Michigan's Northern Lower Peninsula
rage our

Minnesota In this region of only one sur_ey unit, cut is main-

tained under both the recent trends and positive prac-

ter they The Minnesota region has the weakest data base, rices assumptions until the final }'ears of the projec-
eakup." due in part to the data's age and in part to the tions, while the breakup assumptions cause a dimin-

"s, there inaccesibility of cooperator data. The results for this ished cut about five years earlier. Ahnost all the cut
ow and region must ttmrefore be considered the least reliable is in the 6- and 8-inch d.b.h, classes bv the time it is

answer for the three regions, diminished (a trend common by now) except under

_reakup positive practices where only 70 percent is in these

curring Regardless of the set of assumptions used the inven- classes. In all projections the growing stock shows a

"worst- tory, is sufficient to sustain the pro iected cut in each sharp downward trend although the reallocation of

i of the units over the entire period of the projections, cut under po.riti_'e practices does not have its usual

If receTzt tre_Ms continue there is a sizeable increase significance because there is only one unit in this

kup or _ in growing stock in every survey unit, and even under region (fig. 3).
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SUMMARY AND CONCLUSIONS projections. First, forest industries drawing their

aspen from Michigan and Wisconsin must plan to

_,_'e cannot expect today's apparent surplus of procure their wood elsewhere within these States,

:_sf)_'n to continue indefinitely in all regions of the substitute other species of wood for aspen, or cut less

Lake States if the historical trends of cut, growth, than the projected amount during the next 15 to 25

and utiIization continue into the future. The degree years. Further, firms planning replacement of their

_:__-hich historical trends cannot be followed varies capital equipment would be wise where possible to

?-;_-g-eographical location, install equipment and processes that can substitute

other wood species for aspen at minimum cost.
The northernmost survey units in Wisconsin and

._ii of _l[ichigan's Upper Peninsula, show a generally Second, the diminished cuts of aspen are almost

:zafa_'orable picture. The historical trend of cut is always accompanied by increased cutting in smaller

ii;:eiv to be diminished in Wisconsin's Northeast diameter trees. If these diameters are unacceptable
:-rxit in 15 to 20 years and in the U.P. in 20 to 25 users will have to reduce their cut even further. In

'_'ears. In addition, almost all the cut in these units addition, the smaller diameters may mean increased

from the time it is diminished is projected in the 6- material handling costs from harvesting through chip-

2nd 8-inch d.b.h, classes. With a few exceptions the ping or sawing, and increased difficulty and expense

_rowing stock projections show a generally deteriorat- for industries requiring large diameter aspen as a
i_g picture. However, the positive practices projec- raw material.

Aons indicate each survey unit can support its real-

;._¢ated cut and that the overall condition of the On the other hand, the positive practices projec-
_esource can be improved from what it would have tions indicate, particularly in the Wisconsin-U.P.

been if historical trends had continued. These pro- region, that actions taken by land managers can

:_ctions also show more cut and growing stock vol- maintain an even and increasing flow of aspen from
urne in the larger diameter classes, most survey units while improving the relative condi-

tion of growing stock inventories. We are not helpless

The Northern Lower Peninsula survey unit sup- in the face of the existing and possible future condi-
ports its historical trend of cut during most of the tion of the aspen resource.

projection period but at the expense of a constantly

deteriorating resource. Howl'or, the actions necessa_- to effect a change

mean that costs must be incurred. As in most forestr},
The northernmost survey units in Minnesota have investments, the costs are incurred today whereas

zLr, brightest outlook. The projected cut is supported the benefits are received in the future and it is not

and the ,:'nding inventory is higher than present in always certain that the parties bearing the costs will

a![ cases except the breakup projections in the Cen- receive the benefits. Whether these costs would, or
:_al Pine unit. The consistently higher inventory may more importantly, should be incurred was not an-

ir_dicate _he region can support more than the pro- swered by this study. We believe we have demon-

iected cut. strated that it is reasonabtv possible to maintain

both an increasing aspen cut and the resource in the
Several conclusions can be drawn from these I,ake States if w_, choose to do so.

£
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ECONOMIC OPERABILITY--

FACTORS AFFECTING HARVEST AND TRANSPORT COSTS i

Dennis P. Bradley, Associate Economist .,,_,,_eva>
North Central Forest Experiment Station . _ilv rea_

Duluth, Minnesota ___g with
and ,,.pt of o

Frank E. Biltonen Research Industrial Engineer ::._nsport' ' I!ds is c_
Forest Engineering Laboratory, North Central Forest Experiment

Station :_:_cco_(

Houghton, Michigan _ I_ one

ABSTRACT. Present forest inventories do not allow forest managers to estimate ,-,._,rv to_ _1

strategic transport and harvest costs for the forest resource. To improve this situa- , _c_ ti__ '

tion we have tested a method, originMIy developed in Sweden, for describing the ,_,._. Iooki_ ,,,
distribution of forest inventmw volumes by _ran.srmrt costs. We have also developed ,,_.ost in,_
a prediction equation relating stand factors to harvest productivity for aspen pulp- _:!:,_'rabilit ,S

wood using chain saw felling and wheeled skiddevs. Harvest and transport cost ,¢

estimates applied to the forest invm_torv data can yield delivered cost estimates.
This kind of information can help answer important econornic questions facing H " _{
resource analvsts.

We all agree that a forest inventory performs an allow timber sales---they would rather hold the for- If we i :.e

essential service by gMng us a broad overview of our est land for other uses. '__ ._tanc_

forest resource. But it should be clear that existing :t,.iy aa_

procedures do not provide enough economic data to As managers of the forest resource, acquiring the r_:tlyst._ i '

estimate harvest and transport costs, information necessa W to assess the potential of the ....,:i_tin_ : ! _c
forest for economic timber harvest will help us ,,:_r mill, i

For example, recent inventories from many areas achieve maximum benefit from all forest uses. ,.... _d st_ _;_>r

in the Lake States suggest the need to increase the ::, _-ily tc

cut of aspen to balance growth and drain. These WHAT IS ECONOMIC OPERABILITY?

suggestions have prompted the widespread feeling [_ are :t

that an economic surplus of aspen exists. While we 3"t_e term "economic operability" denotes an at- ,_._tors a t

may have a surplus fronl a sib,'icultural or timber tempt to determine the potential of the forest resource !._,w mu_ a

management point of view, the big economic ques- for timber harvest. It recognizes that factors, such as .:)ecics, _,
tions remain unanswered: How much timber can be tree size and terrain, interact with location to deter- _t

cut, from which areas, and deiivered to market at mine "'delivered costs." Moreover, it attempts to as- :\haNs _t
what cost? sembte the delivered costs for the entire inventory ....._:_ce u.

into a "'supply" schedule. Included in this schedule :a_-rciaI

Various features ot this "surplus" may discourage would be hi,h-volume stands situated on the mill's !,.':d_astri¢. i'

harvest. First, the timber may exist in sparse stands, "'doorstep" with a low delivered cost. as well as ;:_i_l. recl. i nt'

where harvesting by present logging systems is not sparsely stocked stands on a mountaintop with an :_creases e

profitable. Second, the timber mav be located too far expected hich delivered cost. In other words, all _:

from the road svstem or processor to permit economic stands are operable bv definition. If one is given this In ad_

transport. And third, certain landowners will not "'supMv schedule" containing all stands, one can use _!_'termi_- '• . ,.

actual market t)rices to detcrmine the volumes that _,'@'ctivc s
might be feasibly harvested under the specific price _imbm. _:

The Station's Duluth office" is maintained in co- conditions. !_t_rchasc

operatiorz with the Uniz'ersity oi Mituzesota- Duluth.

7"he Laboratory, at Houghton is maintained in co- Note that our term "delivered cost" is not the same "I'l_e i t- ."C'

operatio, with Michigan Teck,ological University. as "dciiverc'd price" used by wood buyers. When a 'c:_riable '
,

16 ' :



_ ° e,_..c>ocibuyer speaks of a dehver_d price" the har_'est or industrial forest ownerships exist, the delivered-
<c_m;_onent is fixed, although he often recognizes dif- cost distribution of growing stock or desirable cut

:OSTS :<<_ces in the cost of transporting the wood. Thus, may be a fairly accurate picture of what is operable

• t}_e buyer's eyes, a cord of rough aspen has the and available. But the uncertainties concerning avail-

_ame value at roadside whether it came from an ability will probably increase as the proportion of pri-

,_.a_i!vreached, dense stand of aspen or from a rocky rate ownership increases.

__.:.-,_with three trees per acre. In contrast, the con-

,:.pt of operability recognizes that both harvest and OUR APPROACH
r:ans!)o__ costs are dependent on a variety of factors.

_'i_is is certainly a more realistic approach to assess-
Manthy and James (1964) have described the

{._-,.tconomic potential, relative importance of the three components of

delivered cost for various species in the Lake States.

,rn one sense, what we are describing is nothing new; For rough aspen trucked directly to the mill, stump-
_,,,.<..,_,-logger estimates harvest and transport costs

age costs averaged 12 percent, harvest costs 48 per-
e.ac!_ dine he bids on a job. The difference is, we

cent. and transport costs 40 percent.
::_,,,___iooking at methods that will extend conventional

ic,:est inventory systems and give useful answers on
Although actual "delivered prices" for a species do

.....Y__ ' entire inventory unit."i ...... b_litv for an not reflect differences in harvest costs, we know that

costs for anv logging system are affected by stand

blOW CAN WE USI:: ECONOMIC and operating conditions, terrain, and climate. In a

OPERABILITY DATA? 15,month study, we found that productivity in felling

and skidding tree-length aspen pulpwoocl varied from

)ld the for- Tf we know the delivered cost of wood from vari- less than a cord to over 7 cords per man-hour. This

c_,,s stands in an inventory unit, we can more accur- much variation in productivity obviously affects har-

a_.<v answer questions that have plagued resource vest costs. Bv including these known variables in a

:luiring the ana!vsts for a long time. For example, owners of suitable prediction equation, we could estimate har-

tim of the c'xisting mills often ask these questions" If we expand vest costs for a given stand of timber.

1 help us _.:_,._."miil, will we have to pay more for additional

uses. wood supplies? Would any cost increases be due pri- Similarly, hauling distance, truck size, and road

_'a_"ilv to harvest or transport? quality all interact to determine transport costs.

'ITY? Manthv and James showed that transport costs

_n areas devoid of forest industry, prospective in- ranged from $3.00 to $8.00 per cord when hauls

tes an at- vestors ask" If we build a mill on a particular site, ranged up to 140 miles. While actual costs have

st resource }_.ovcmuch wood can we buy, in what sizes of which increased since 1964. similar variation probably exists

rs, st_ch as species, and at what cost? today. If we can sample the geographic distribution

t to deter- of timber volume in relation to a road system and

_pts to as- AnaIvsts ask these questions about alternate re- delivery points, we can then estimate transport costs.
inventmT _ource uses" If forest land is withdrawn from corn-

;scheduIe _aerciaI use, what will the impact be on local wood Finally, samples of timber volume with their har-

the mill's industries in terms of delivered cost? Can existing Vest and transport-cost estimates can be summarized
; welt as mill requirements be met without delivered cost to more accurately estimate the delivered-cost dis-

with an iacreases? tribution of the forest resource in any inventory unit.
,'orals, all

given this In addition, because location is such an important While many studies of harvest productivity have

:e can use determinant of value, these data would allow a more been carried out over the past 50 years, none is di-
mes that _'" "

<oject_xe ranking of alternative forest investments in rectlv applicable to current methods or to the aspen

ific [)rice timber management, road construction, and even hmd cover type. Similarly, there has been a lack of re-

I ptarchase, search in North America to evaluate the effectiveness

of forest transport systems. Matlmws (1942) and

the same The fact that owner intentions are ignored has Imssicr (t96l) suggested some optimal systems of

When a Va.riable consequences. In areas where large public road construction and transport for specific logging
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:re averaged
cords. The Other systems are in use and more mechanized sys- Of more value, however, is a cumulative distribu-

_cms _.re growing in popularity. In this sense, its tion of volume by transport cost (fig. 2). This kisto-

veraged 1,51 application is limited. It does serve as an example of gram shows cumulative volumes transportable to the
" of harvest- what can be done and it could be used to summarize delivery point at a cost equal to or less than any
:ect from 2.6

[ 24.8 cords operability for aspen pulpwood in selected study specified cost maximum. For example, tile first point
areas, shows, as it does in fig-ure t, that 2,200 cords can be

L'orcls. Total transported to market for 84.70 per cord or less. But

and ranged Although the productivity estimates have not been the second point shows that 217,200 cords (215,000
_cm.verted to harvest costs per unit volume, this can plus 2,200) can be transpored to market for $5.00

mctions av- L,(- done for specific labor and machine rates and per cord or less. Note the change of scale on the

? cords per overhead charges, vertical axis between figures 1 and 2.

tivity aver-

to 38.7. FORESTACCESSAND TRANSPORTCOSTS 400 1
frosted per _e method used in our study of forest access was _ i//J.121

• _ 300
function of deveioped primarily by Segebaden (1964b) It relates 0 / t
re to total transport distances and costs to (1) road network to /

"acre, and length per unit area, (2) road network distribution _ / A
Trees per igeometry,) (3) terrain, and (4) a specifc delivery _ 200-

man-hour point. In his system the theoretical parameters des- z i J

. This step cribing an ideal road network are modified by two _m ] _-- [ V_
tree vol- correction factors to permit the consideration of real O 100 l

Jmore real- road networks. This procedure answers two ques- _-

ented and _ions: (1) How far is the nearest road from any _
the same given stand of timber? (2) How far must a given 0
large tree• votume of timber be trans_:_rted to market? $2 $4 $6 $8 $10

* TRANSPORT COST/CORD

rm: trees In practice, inventory plots were located on aerial Figure 1. Distribution of aspen growing stock on: 8.343 -k

tal trees/ photos or maps. Straight-line distances were measured Koochiching Count): lands by transport costs to
from each plot to the nearest road and then to the International Falls.

cords) --
delivery point. While only one destination may be;ted trees
considered during each measurement of a forest in-

ventory unit, additional points can be considered in
successive measurements.

ation ? It

:he data, 1500:
of varia- Because a distribution of timber volumes by trans-

121
oduction port distance and cost would be useful by itself, we cz

nares of developed a computer program, to deal solely with too /
timber transport. This FORTR, AN IV program en- 1000 /trge pos- titled ACCESS summarizes forest inventory data by O

accurate

harvest- transport distance and cost for each cover type and _ f

ough to species. Z< 500, /-

' unit. 8 0 /Two kinds of transport-cost histograms can be -r"b-

harvest constructed from these summaries. One kind (fig. 1) $2 $4 $6 $8 $10
;kidders. shows the volumes transportable at each of several TRANSPORT COST/CORD

cost levels. For example, the first point shows that

2,200 cords can be transported to market for 84.70 Figure 2. Cumulatzve distribution of aspen grow-

i per cord. The second point shows that the next in_stock on Koochichin,,Countrla:ndsb)'transport

I 2t5,000 cords can be transported for $5.00 per cord. costs to International Falls.
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;htoavoid ECONOMIC IMPACT OF HYPOXYLON CANKER
ON THE LAKE STATES RESOURCE'

found to

teract

_s to offer Robert Marty, Pro[essor of Forestry, and Resource Deve[opnzent,vith whole

:'s on indi- Michigan State University

iosely con-
istics, com-

ative com- ABSTRACT. _A 1971 field survey comprised of 196 sample locations randomly
would be distributed over the aspen type in Michigan, \Visconsin, and Minnesota, showed

the following effects of hypoxylon canker: The average proportion of live aspen
trees currently infected in the Lake States aspen type is 12.1 percent. Observed

y data has infection rates ranged from zero to 40 percent. The average proportion of the

st replace aspen-type area that will be denuded by tlm observed rate of infection is 5.6 percent.
omic feas- This reduction in stocked area means an eventual reduction in the aspen harvest

re than a each year of 21 cubic feet per acre or 3S0 million cubic feet for the type as a whole.

the most The value of this loss will be in excess of 4 million dollars per year at harvest,

ormation. and is more than 2 million dollars per year in present value terms.

Royal Inst. HOW ]:ARES TbiE ASPEN.'? overstocking to the point of stagnation is not en-
countered. Thus, growth without intermediate man-

ing opera- Aspen is an important Lake States timber type. agement is reasonably good. with production of

_5 p., illus. [t extends over 14 of the 52 million acres of corn- at×rot 40 cords per acre at 50 years typical for fully

Marketing mercial forest land in Michigan, Minnesota, and stocked stands on better sites.

"at region. \Visconsin. Recently aspen has become very intlctl6, 120 p.,
more important commercially, as well. It made up l)iseases, however, are a serious problem, often

ing indus- one-half of the 4-million-cord Lake States pulpwood causing large losses, tIypoxylon canker is the most

o. hay-vest in 1970, and its use undoubtedly will grow important killing disease of aspen. This virulent

Investiga- still larger in the future, pathogen causes mortality in 3 to 7 years after lowerorest land
•ns Skogs- bole infection. It is widely distributed and evidence

How fares the aspen? In most respects aspen is an of ttw disease can be found in almost all aspen stands.

collection easily managed pulpwood type. Reproduction is ob- An effective means of chemical or silvicultural control

:: Swedish rained by clearcutting and the root suckers that re- is vet to be identified, tIow serious are the losses re-

., p. 196- su!t typicaIly are abundant and vigorous. Tiffs rela- suiting from hypoxylon cankcr? How urgent is a

_try trans- _ively intolerant tree expresses dominance well, and search for control? These are the ctuestions to which
;'or. Sue., this study is addressed.

Michigan A_ricu[tura[ Experiment Station/our-

ccssibility *zceg'Article Number 57,'I5. I wish to acknou'lcd_,e t/lc LOOKING FOR HYPOXYLON INFECTIONSue., 76, ,-
assistance o[ Timothy Flint and William Schmidt,

,_'raduate students in the Department of Forestry, [n the sumn_er of 1971 tield crews visited 196

,_lichi/.,,au State University, who collected tSe ficid sample locations distributed throughout the aspen

data /or this stud3' , and to Gerald Anderson, Burto_t type of .XIichigan. Wisconsin and _[innesota. To

bi'.rsex, Allen Lu_d,.;r('r_., and otkers of the Nort/z Ce_,.- ip,s_re representativeness, the total sample was allo-

i tral Forest Experiment Station. This study was fi- cated among Forest Survey units bv the proportion
;zanced in part through a cooperative a/..*reemc_t of total aspen acreage falling in each unit. The

rcith Forest Pert Ma_mgment, Northeastern Area State sample locations within each unit were drawn at ran-

and Pri_'ate Forestry, USDA Forest Service. dora from the Forest Smvev aspen plots available
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more detail.

susceptible _.s_wn stocking is sparse. The following linear, mult- HOW DENUDATION WAS TRANSLATED TO
:e arm stand i?ie regression relationship accounted for 78 percent IMPACT
with infec- < _he total variation in percent of area denuded:

tysis will be The model uscct to estimate volume and value
Percent area denuded = 0.5425 (current infection

rate) impact is shown in figure 2. The loss which even-
tually will be occasioned by hypoxyton infection and

_s preva]ent 0.0021 (No. aspen per denudation datin_ from a given year, depends on
and on 1.9 acre) these factors:
rget-shaped !',<h determining variables are significant at the 99

_,_ccnt confidence interval. Figure 1 shows ex-

:v.cted &mudation percents by current infection rate

tmple loca- :_c! for a range of representative aspen stocking levels. Volume Loss
ed to sup-

where all The current average denudation rates by State are Little or no reduction in harvest volume occurs

plots that ._hown in this listing: until an area has been denucied that is approximately
might not State Denudation Rate
lots where Percent equal in size to teat needed to support a tree of

harvestable size. An aspen 1:3inches in d.b.h, requires
plots that Michigan 3.7

about 150 square feet of stand area--an area equiv-
t, and thus Wisconsin 5.9

alent to a circular ptot wi_h a 7-foot radius. De-
nat 5.6 _ Minnesota 6.8

nudation estimates in this study are based on the

enucted by 'D.,,e listing makes it evident that Michigan is cur- presumption that most _pen stands that are harvested

$. runtiy experiencing the smallest proportion of area at all will be harvested soon after they contain a

c!e_,_uded, and Minnesota the greatest, harvestable volume of pulpwood, and that the aver-
'ction is a

age size of tree harvested will be approximately 8

he density inches in d.b.h. For the small proportion of the
cause less

25[ aspen resource that will be i_arvested at a larger size,
rill where ASPENPER ,aCRE this study overestimates denudation.

Ii
I 200

L20 _,000 ..... The percent of crop-tree areas denuded during a
1,400 .... .,//t period, multiplied by per acre full-stocking volume

.....----_I_,s00 at harvest, provides an estimate of the maximum vol-

l ,,_/_'/_//_ ume loss per acre. De nudati on in youngerstandswill

be made up in part bv restocking and especially by

_,5 faster growth of surrounding aspen. This study as-

sumes that recovery will occur at 15 percent per
decade on a volume basis. Since trees with evident

infection usually die within 3 to 5 years, it was as-

11t_ ////.4___/ sunled that the annuaI infection arid denuda.tionThe full stocking vohm_e at harvest is a function

rates are one-fourth of those observed.

of site index and harvest age. The volumes and

harvest ages assumed in this study are shown in table
2. "l'he har-,'est a_es are the stand a_es at which the

average d.b.h, of trees above 5 inches reaches 8 inches,
O < "

0 !0 20 30 40 or at which growti_ fails below _,/_cord per acre per

ASPEN INFECTED (PERCENT) }'eat', wlfichever a<e is greater. Harvest volumes are
stated in cubic feet and _o a 4--inch top and have

[:ignore I. R_'[atio_vhip between percent area de- been adjusted to tie between the reported yields for

[ nuded, in/ection rate, and stocking density, quaking and bigtooth as_x'ns.
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Table 3.- .....Anticipated aspen harvest as a proportion of antici{_atcd
(4rowth 1

[-_ 7£SF_ ;Y-_ ( d '-,_ne_----:r\7..TrL---:7_27_.-.Tr, :7 /-7-[ ;;-:......
State and Survey Unit _i....... 0 _)_i_f- -_A_m_=3_.=__?7-TG-:-"T-U\-T--_7_-:I-_'J,'_.....

"t [ ch igan :

l,;aster_ Upper Peninsula 66 69 ....7"_)_ 7 t, 50 5:- ;_S

Western Upper Peninsula Areas [ .....?)" -8[ .....i]5 _9 "_-2 "'_ b]0
Forchern Lower ?eninsula and 91 96 .I{,30 :;C _.2 _ '0

Southern Lower Peninsu].a periods _ k00 i00 LO0

),Ii._naes ota: when ]i
Lake Superior volume 26 27 29 J.) 52 5 .: .35 ,i

Central Pine losses 33 35 36 5S 43 -2 _4 _i

Ra h_ey Kiver wL].[ 51 54 56 59 "i 75 ?8 il

Southeastern cause 35 37 39 -[ -3 -5 .7 ii

Western no 55 58 61 64 t_/ 74 ]i

Wis cons in : reduc t ion i

Northeastern in 95 i00 1OO i[0 SO0 l-_ '"'_ !

Northwestern harvest 76 80 84 SS 92 97 100 i

Central I00 1O0 i00 i00 L0C 173 100 i

Southeastern 77 8L 85 6'9 -'. v5 k.O i

Southwestern 1 7 7 S 5 9 _: [0 l i
J

i/ Assumes that greater <itilization pressure wLll incre_:.se curre:'_[__

uEilization by 5 percent every 5 years.

_t',_!-)le,'4. Anticipated conversion return [or aspen I and resulting volume losses are _reatest both reta-

(In dollars per thousand cubic /eet) tively and absoluu'iv, t{owcvcr, zl_c economic impact

75 percent is concentrated in .x.iichi_-ar, and particuarly in Wis-
am'est dec- • ->ear site T Value when vears-_o-harvest is: __,___

_.-,_._,<<(_eet) i-%g-T--g--___'-_ 30 consin, where little excess of annual growth over cut
's are very is anticipated in t}>"tut,_:e.
res,rather 4o 25 28 31 34 2}7 40 43

:_5 =5 28 31 34 37 40 43

conversion so 25 2g 31 34 37 40 43 [FI"I(, 300 million cubic f:.et of volume, which this
ds on /'low 55 25 28 31. 34 37 40 43

60 28 :}1 34 37 41 44 :*7 study estimates will he iosv each year as the result
d product 65 28 31 34 37 41 44 47 of current infectioq ;; au,Jroxizrm:elv eqvivalent to

,y average 70 31. 34 37 40 45 48 51 ...... : _ ,
the annual tiet growd_ fo,:hetypc 332 million cubic

2/ Current average stumpage pri.ce is approxhrately feet) aIld the "desirabic" }mrvcst !eve! (284 million
52 per 100-inch cord, whici_ contains about 80 cubic

f,':._,,t. ;/kis converts to $25 per :,i. cu. ft. National CIlbiC feet). In other words, annual growth and udli-
i'_ojecrcions off timber supply and demand i_ndicate price

i .... teases of 73 percent by cite year 2000, A straight zation could be cloublcd {c hypox>lon were elimin-

t.:_.e projection is employed, ]increases i_n average ated. These volume impacts are based on tl_e infec-
_,v_tS esti- :.::and d.b,h, above the 8-inch average typical of harvest;

from tow site stands create added value because of tion and denudation currently happeninff. Current

expected ,:,.':',',,triton t:o different end products (1.uaber aud hvpoxvlon infect, ion and dcnudatkm nlav be greater
vcmeer), and the Lower cost of 1.o:sgLng a_d conversion, , ....

-<_, increase of 1.0 percent i.n value per inch of average OF tess than is typical ....... we have no way of knowing

-:.>.?,. i,_ a...........l nor_,, tills, thtt impacts op, the o,,der of those projec:ted in
this stmlv are probably _,b,e rule rather than the ex-

ception in mos_ years.
',ink value, and then discounting this value from the

expected harvest (late to the study's base period
It al)t)cars l_x¢_ t}lat (tu so:no time tim volume

197t) at a 6 percent discount rate. of merchantat)h' aspen ,_ddcct to t}l(' invm_torv each
v_'ar will far cxcccd the voiume ]:,arrested in NlTinne-

IMPACT FINDINGS sota, in tt_e eastern er.,d of the [I)p,'r Peninsula of

Michigan, and in south.western Wisconsin. In these
C _Table 5 shows average, infection and denudation areas volume losses c]_a) re, iW_)ONCO_I,,. . will v,ot r ciuce

t_v State, and tile volume and value impacts pro- lmrvests. 'I'tius. there is iitt!e u,,_:encv for control in

ected both on a per acre hasis and for the type as a tlwse aft'as, t lox, cvt.v, for the rcnufinine area, where
whole. The plwsi('al impact of hypoxylon is most there is little or no excess of amici_mtcd e rowth over

serious in Minnesota, where infection, denudation anticipated harvest tim situation is different, tlarvest
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SELECTEDECONOMIC ASPECTS OF MANAGEMENT
)f reachable
._Ivdoes not

regard to Jay M. Hughes, Director, Forest Resources Program
;s some re- USDA Cooperative, State Research Service

"_pact is not Iffas/zington, D.C.
&e killings and

r than the J. Douglas Brodie, Assistant Pro_essor
all patches University of Wisconsin

Madison, I lTisconsin

ABSTf_\CT. _ This paper briefly examines, from an economic point of view- (1)
_ome characteristics of the aspen resource in general, (2) some extensive and in-
',_nsive timber management applications in aspen, (3) multiple use and community
i_npact evaluation frameworks, and !-ti_ some ;<,search needs. Financial incentives
,:>vet the near future are not favorable for more intensive aspen managenient, but
changes in costs, prices, and values of nontimber products could change this some-
what pessimistic outlook.

.\i! c_f d_e topics included in this Aspen Sympo- important in the three [,ake States over the past I 1
,i_,,.u_have economic aspects and implications for years (fig. 1). frencts have been similar in all three
::_:_nagement. The purpose of this remark is not the States" however, the proportion of production retained

-.,_"':_L_,l_:e,_t...... of a pivotal role for economics and in-State (versus, export to Wisconsin), has increased
-',<_>omisr.sin aspen resource analysis. W}ie purpose for both.Michigan and _[innesota. It seems relatively
" simp!) to emphasize the necessarily narrow, se- certain that Lake States aspen harvests cannot con-

i,_i_c_-ive. and sometimes conjectural nature of our tinue to accelerate indefinitely, and the historical
Z,:,*:sentatio:_v,hic!_ ,.<:sLy!ispri_narily from basing our trend lines of figure I must flatten out as "old growth
7_aper on .':e[ativeIv tirnit_>ctexisting data. stocks" inherited from the past are liquidated, other

things being equal.

Our presentation is simple and straightforward.
\','e b_'_,rinwith an _:conomic overview of our aspen Graham et al. (1963) projected a scarcity of bar-
>source. \\: then identify a set of general timber vestable aspen stands commenciug in the 1975 to
........t_,(t_.n options or",,_ , n alternatives that seem appro- 1985 period. \Vithin the relatively brief interval since
>/ate for aspen as well as other species-type evalua- this projection was published, annual aspen consump-
_c>n_ _,\'e a!so consider economic evaluation frame- tion llas increased 12 percent and merchantability
wol-ks tt_at represent alternatives to the traditional criteria have drifted downward, as has the accepted

>in,_zleproctuct economics analvses applied to timber rotation age. In addition, early pathological deterior-
crowing. Finally, we have a word or two to say about ation and continuing high levels of harvests have
some blformation needs ttmt we think bear strongtv continued to shift growing stock distribution to

on furt}_.cra._)plication of economics to aspen manage- youn,/('r age classes. The net effect is that the im-
.'uent prob!erns, pending hiatus in aspen availability has probably

been moved ahead 5 years, }7)litI1Ot eliminated.

AN ECONOMIC VIEW OF THE ASPEN
RESOURCE AND UTILIZATION There are two ways of looking at the aspen resource

OPPORI'UNITII=S .......as a stock or woodpile and as a flow or potential
continuous yield. If tlle aspen resource is considered

Aspen emerged _::plosively from the status of weed- a "flow," decisions must be made as to how the
tree or nonresource in the post-World War I1 period, following basic inputs of aspen l:)roduction will be
R.apid exploitation over most of its range has a his- allocated" (1)land, (2) capital resources other than
tory of less than 25 v_:ars. Aspen is the primary species growing stock, (3) growing stock (allocated either
for pulpwooci production and has become increasingly to current harvest or future harvest), and (4) har-
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as agronomic Adoption of this management technique requires considered only one level of stocking and few thinning

oved genetic &.,._iopment of manufacturing processes that can alternatives, it was based upon the best available

;hniIar to at. h:_ndle tim small material that develops. It also re- judg_nent of the best apparent opDortunities for aspen
ban a decade ,:_ir_'s the development of harve:sting technolog-y that thinning payoff.

_,.,ilib,andle the harvested material at from 75 to 50

:,-forint of current pulpwood materials handling cost. Time and Stocking Control
ibed as "ex. i'i,.__advantages of this system, other than those above,

nvolves hat- _,,_,._iciinclude a reduced period over which har_,est- Although time control and stocking control de-
stands with ,),> s_ands would be subject to hazards and pathogens cisions are individually important, the forest manager
wood. Since and titus a utilization of material currently lost. There is more interested in the best combination of time and

_is approach ..,_,_id also be a very substantial liquidation gain if stocking levels in the timber growing process. Noreen 5

:iusions will '.mdowaers cut back rapidly to the growing stock is used again to provide some economic inference.
5",.eis implied by shorter rotations. This would offset

an,, short-term shortage of harvestable aspen and Evaluation of rotation alternatives ranging from

ndalty leas- per}_aps bring about more rapid utilization of deterS- 20 to 55 years, for good site aspen, and no thinning,

_-not nearly _ra_ing stands, show_t that rotations of 30 to 35 years yielded the
_. Tl,_ev fall highest rates of return (from t.69 to 6.81 percent)

a_.-sbecause Stocking Control given various cost and price assumptions. Interest-

:rating rate ingly, the short 20-year rotation required the highest
"_Stocking control" is a general term that includes price-lowest cost assumption in order to realize as

_'._ci_dmber management concerns as initial stocking much as a 1.88 percent rate of return. Thus, the best

ained yield rates in plantation or natural stands, and residual combination of time and stocking control for good
t rotations stocking levels following thinnings or harvest cuts. site aspen in this study, using maximum rate of re-

linear over h c;_a be rneasured in various ways including stems turn as the criterion, was %0 thinning" and a rota-

a this con- per acre, b_al area, and volume. Several of the tion of 30 years. This result also reflects the "high

shortening <udies previously cited, plus those of Pike (1953) price" assumption of the study. Lower price assump-
land area and Day (1958), deal with stocking control. We wish tions yielded a somewhat longer rotation of 35 years

[d have a ,.0 refer here, however, to only one study which has (40 in the case of the high cost-low price assumption) ;

: on avail- some economic inferences. 4 but the best stocking control was still "no thinning."

Noreen compared the internal rates of return from Type Control and Conversion
two different thinning systems (a single precommercialn obvious

_tion runs _hinning and a single precommercial thinning plus We refer here to the typically most drastic attempt
one commercial thinning) with no thinning in young by man to manage the forest environment for his own

not par- _owth aspen (thinning ages ranged from 4 to 30 purpose. Type control entails the complete replace-t rate. A ....

_mder a years) on good aspen sites. After-thinning stocking ment of any forest c.over type wit}_ another type,
levels were those judged by expe.rienced forest man- either suddenly by some means such as shearing androtation

ruination agers to give the best results. For instance, it was as- planting, or perhaps slowly by single tree selection
Surned that 70 square feet of basal area would remain harvests in a shade intolerant forint cover type. We

after the commercial thinnings because this level was know of many examples of aspen stand replacement

recommended by the USDA Forest Service for aspen throughout the Lake States. Typically, sheared are_

management. The result of this analysis was that are planted to white spruce or red pine. Typically,

regardless of rotation or thinning alternative consid- too, the costs of conversion by this method are high.

ered, the "no-thinning" ahernat:ive had the highest The rationale seems to be largely that the species
_at _erm

rate of return, presently of higher value, such as white spruce and

i in the red pine, have better prospects for long-term value
{) years.

The inference seems to be that at present prices yield.

only a and costs stocking control in aspen by thinning is

not worthwhile financially. Although this analysis We have not evaluated type conversion from an

4 Noreen, Paul A. Op. cir. _ Ibid.
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( pulpwood

an dollar valu_ ::,_:,as0 or decrease of tinlb('r harvest can be esti- jections are the foundation for regional supply studies

xow do we use ::,,:,,,d for cact_ sector of ttle local economy. In and in fact publication of such a study should be

n making th:e ,_,,idition, any clmngc in the expenditures of hunters available soon. _
ions of timber __:&. i_)<,aItvwilI also l_ave direct and indirect impact

management? ,,}_ic}_ can be estimated. This exarnple is only sug- Mensuration and stand modeling in aspen have
,:,,,ii_" of the broad range of questions involving progressed significantly from the two-variable site

-.,_ _,r_v ti_c size c_t impact stemming from ahernative and merchantable volunle formulations beginning at

_:,,,_t manaevment programs, but also the incidence ao-e 20. Multivariate. stand development models in-

: _;l)act tapon various sectors of the local economy eluding site, site treatment. _tockiw* and growth of
'rm. It relates ::,i ,.cemeteries outside the local area. individual stand cornponents are becoming available, v
_cnt effects of I, Much of tiffs work is developed from existing data

,fLies. Perhaps *:,. ._,t tl_, vco._omist, the greatest information gap for with a minimunl amount of supplemental sampling.

mbodiment of ,:,::,,,q ulana_<_lent is in the area of forecasting or
well as the ::_:_,i,,:,tions of ti_c future. Decisions must be made Innovative analysis of new technologies for stand

analysis The c,,,_,vrnin_X liquidation of aspen stocks and replace- treatment and utilization is carried on by most

o a putpmil! ::_,_ of these stocks ttlrough regeneration and man- agencies represented at this symposium. It includes

\s ti_e logger .,_,_<,r_t activities. In a world of certain objectives analysis in genetics, silviculture, harvesting, and man-

_itv and else .... " _:_z_,,,ts. anahsis is not to() difficuh: but this is not ufacturing.. 7_, -

in direct in, '}_' sort of world tlmt has to be faced. Fortunately

7, the setwice :}xe i,_ture is not completely uncertain. Aspen con- Needed information seems to be appearing in im-

ach of these ,._!)_ion will be maintained for the next two decades proved form at a faster rate than ever before. Each

hake sales to :_ k'ast and we have forest inventory data on the individual segment has its role in the aspen produc-

w goods and ,:a_(i:_ tlmt will be used to meet this consumption, tion framework. If anything is being neglected, it is

In this way perhaps analysis of how all of these elements fit to-

employment P,,_steritv ;_ lonaer than the next 20 years, ho.wever, gether t_nder the overe\okcd and underworked sys-
_nc_i992 and beyond will have to be faced with stock terns approach. Such an approact_ will involve a high

,',i>_:ibutions tidal will provide flexibility for meeting degree of interdisciplinary dabbling between fields.

e stemming ._m_,,,--termcontingencies. Regeneration is the primary Forestry research }ms trod a lo_g tradition of inter-

e frequently !:_m_ediate need and, fort,nately, aspen is one of our disciplinary application that can. t_opcfully, be main-

ful to local 2'ast expensive /)7>vest types to regenerate. Aspen re- tained in an age of increasing specialization.
' In Itasca _,"n<*ration has the added bonus of enhanced wildlife

[e of $1.00 !:rociuctivity. CONCLUSIONS
_:)act on the

}_es 1970). T}w information and data that the forest manager A selective paper such as this one runs the risk of

es in aspen ,',iil need to _m:ct the somewhat indefinite planning treating each topic too stmllowlv. It is far Inore satis-

In some !:_:_mcwork o_atti_wd ahoy(, is improving in a rvlatively fying to plmnb tt_e minutiae of fibre structure, eco-

_n may be :apid incremental fast,ion, fie must incorporate it heroic rotations or I)NA transfer in polh'n. It is inter-

ich is more {,qc,,'_'_cn:talJv iuto t,is planning process. The areas in csting to note that in being selectively economic in our
maximum ',vb.ic_ informatiora is evolving and must continue to outlook tow,_rds tlw patter, we have ended up being

ng. ,',c_lve are" fo_cst inventory, regional economic st,p- not lmrticularly econ(u_ic at all. Rather, we have
i)l? analysis, ,_'_lsta:ation and stand modeiin.,,,, and dwclh'd (,_ each aspect of the aspen production pro-

mixsis (:an irit_ovative analysis of stand trcatnwnt and utilization tess as it (,vc_tuallv all'cots yield and mann's basic

_s relating ',,(}_t_.ologies. requirements from l_is [orost IeSOtlFce base.
_' is who

aost lively "lhe most reccr_t applications of the U,ql)A Forest From an economic point of view, however, we are
_day. For S(.rvi(,(, forest inventory techniques can u_akc statis- sonmwlmt tmssimistic with respect to economic or
c_case as tical informatie,n available at all levels fro,.n tt_e
!" wildlife

it_dividual tlcc to stand and regional brcakdc_wns. 6 l,'usck_cr, IVillk:m A. Prrsent and fnture aspen,be evalu-
ll_is inforn_ation is ncedocl for simulation of aiterna- inz'e_tories in ttw Lake States. (3lan,script in prep-

,' impact tire }mrvcstin,, and utilization projections on tlm aratio,_.)s ot" the " _ " "
resource base. These alternative resource base pro- _ I,;k, A. t{., and ]. [). Brodic. Op. _'it.
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Upper Michigat
TRENDS AND PROSPECTS

E. W('stell. 1963
FOR WOOD PRODUCTS

ion in Lake State_

,s For. Exp. Stn., Hereford Garland, Wood Technologist
Co_nt,'__o_o=, I_zstitute of Wood Research, Michigan Technological University
. Exp. sty. Mi_. Houghton, Michigan

_. Some economi_ ABSTRACT.--Because of its excellent texture, medium density, and light color,
Univ. of Minn. Lake States aspen wood has an undeveloped potential for wood products. It is par-

_er. 3): 12 p. ticularlv suited for particle board, excelsior, plywood, lumber core stock, and furni-
Mountain Fore_ Lure. Current utilization of the aspen resource in tile Lake States is dependent upon

or. Bur. Silvic the raw material needs of the pulp and paper industry. At least some of these needs
might be satisfied as chips from residue of wood products. Further innovation is

crop trees little needed in the sorting and processing of the tree stems into technically superior woodFor. Sere. Re_
,. Stn., St. Paul, components.

linning 14-, 19-, g_'cause of its excellent texture, medium density, for market development. Both aspen and basswood

ings. Can. Dep. :_::d iieht color. Lake States aspen wood has an unde- are medium to low density woods of uniform texture

tanaging aspen. _"!%t)ed _otentiaI for wood products. It is particularly and light color. For many uses they are superior to
_tn. Aspen Rep. _:_:_ed for particle board, excelsior, plywood, lumber woods that have grain of distinct contrast. In small

_:_- stock, and furniture. The present paper attempts pieces, the two woods are hardly distinguishable.

'_ appiv our current knowledge of aspen wood utiliza- The uniformity of the wooct structure, or lack of

r.",n to chart a couI_se for expanding the use of aspen distinct grain, makes aspen desirable for uses where

_,_d products I coarse grain would interfere with machining, gluing,

or wearing qualities. The uniform wood structure of

T}_e probem of using aspen for its highest product aspc'n is readily adaptable to various finishes.

a*vaeis st_ared by Federal, State, and corporate own-

":_ c_f the resource and the large consumers of pulp- The uniformity of aspen wood structure also makes

_,,.,_odand other fiber products. The image of aspen it uniquely adaptable for particle board production in

<'apiy as a pulping species should be changed and which the design of the particle such as a flake, is

>'tter use should be made of the larger sized logs. critical to the p_ioperties of the board. The formation
of a "designed" flake is much more difficult with a

_pl •
• z_._spaper is addressed primarily to forest man- grainy wood. Tim relatively low density of the aspen

_eevs interested in the developing utilization tech- particle allows intimate contact under pressure and

:-:_lL_esand the implications of these techniques for contributes to the effectiveness of both the adhesive

Profitable forest production, and to pulpwood pro- bond and product strength. For complete treatment

c_a'ement people who may recognize the economic of the wood technology of the poplars, reference is

'eains in sorting poplar wood for optimum utility and made to the work of Lamb (1967) and Kennedy
value. (1968).

UTILIZATION POTENTIAL SORTING FOR BEST USE

The use and acceptance of aspen wood depends In order to maximize aspen utility and value, pulp-

c,,q the recognition of its properties. Aspen is similar wood procurement people must be willing to investi-

"o higher priced basswood and has a great potential gate methods of sorting out high-value bolts. Sorting

--------- • __ the higher value sawbolts and veneer Bolts during
For a [utl treatmettt o[ aspen utilization poten- tmrvest, or at a concentration yard, could increase the

tial ._ee the Lake Statei Aspen Reports. Lake States averaoe.,, stmnpa,,e., value and at the same time make

For. Exp. Stn., l to 22, 250 p., illus. 1947 to 1951. the smaller pulpw_x)d sticks avaitaMe to the pulping

J ;) i
{
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_2;}_,_._z}lttlc pulp and i)aper industries will con- Improved utilizati_m ti:'c}molo_\, wilt }}tip to o[Tsct:les are
_: _,.t(, b_ i,,t_portant cor_s_m_ers of aspen, irnproved the present aspen sur!)lus. At the _ same time theerties. As

ssfully _,:,!,(_.ciation _t aspen wood products shcn'fld divert increased demand for i_igiwr q_aiity will present a
in tile ::> :, _._!)<:nlo,,s:,,into use for }rioher,_ value products, new chalh:ngc, to timi)t'r inanaL_ement,, research.

_ is already e\-{dent, of course, but improved
dgned as :" ":_'"_<_
t Minnesoi :,._,i_>v) in veneer :1rid lumber utilization may be

of flakes _ :,,,, u,ci to make harvc<tiu_, aspen for an integrated
• ti_,_ accepted practice.

be expecte_

2?,: ,<i11 _m'an tidal suitable logs will be sold to LITERATURECITED
" : ._ :r_iils where t}_cse are available. Other larole

Bousquct, D. W,, and I. B. Ftarm. 1970. Live sawing ups
:, ,,,,iii ,,o to dimcnsion stock plants where primary lumber recovery, Can, Igor. Ind. 90( 12 i : 3" _ca

terchangabl? : " c> >ill t)e parts and panels for furniture and C;arlan, Hereford. 1946. What ab_,u_ whiu: popi_r (asps'n)
rut. To gait .:: r.c>. , ccon_arv products rnav be pallet parts, box lumber? Cosgrow:'s Ma,a. 18(1): 42,.44.

c.al qualitim ,.': ,,;;. st_uctural i_mber, or crating material. Only J_:mkins, J. H, 1951. (.;an,':_dianwoods ...........gen<:rn], In Car_a-
*ee. know as :!,. _a{i_.'r ,,ot_ndwood woulct be used for putp chips dian woods, tt'u,ir propcrtit)s and us,:s. For. Prod. Lab.Div., For. Br., Caru D_'p, }(,sour. & I)_'v. p. 1_;_9 illuso
,pen) should _,_>,,,_tk_c board. Kennedy, R. W. 1968. Anatomy arm t°undam,,ntaI wood
.nical names properties of poplar, .IreGr_m,'th and uti][zat}on of poplars

(entata. The }_i;_,:,ically, the paper industry has been able to in (ianada. I)cp. For. & Rura! t)_'v., p. _49-I(i8, iilus.

ted. As Gar' ,:d:_t itself to progressively less critical raw material Lamb, Fred M. 1967. Aspen charactvrisdcs, properties, and

tt be called ,:,,,cifications through research and development, uses: a review of r<('r_t iit_:r;._tur_:.USDA For. Scrv. Rcs.1:

-qlow-pop|ar (:hi_s and residue from manufacturing processes wilt Pap. NC-t 3, ,) p., illus. North C_:nt. For. Exp. Stn., St.' Paul, Minn.
he southern _[)[)terne:nt the traditional pulp to an increasing U.S, Departnwnt of Agricuhur{'. 1955,. Wood harMbook.

., .:_8 p., illus.
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Table. 1- Lake States pulpwood production

)]2}UCTS (In thousands of rough cords)

: : • : :

Kind of pulpwood : 1965 : 1967 : 1968 : 1969 : 1970

: : : : :

Hardwood

Aspen (roundwood) 1,780 11,976 1,753 1,963 1,966
Other miscellaneous (roundwood) 444 539 449 555 658

Residues 8 195 219 259 302
Softwood

Roundwood 1,268 1,235 1,091 1,139 1,313

Residues 31 20 39 27 46

_S Total production 3,531 3,965 3,551 3,943 4,285

0

e Percent Percent Percent Percent Percent

;. Aspen 50 50 50 50 46
:I

l

dream debarkers or combinations thereof are used. chemical removal of the lignin and incrustants, or

W_d cut and delivered during the sap peeling sea- by combinations of these two procedures. In each

'_on cleans up quite satisfactorily in one pass, but case, the pulp characteristics needed for a particular

multi,ale passes are required for tight-bark seasons, wood fiber product atong with economic considera-

have been the ",ome oixerators have found that series installation of tions determine the choice of the process ground-

_ut tile world debarkers has advantages over recycle systems, wood, chemimechanical, semichemicat, sulfite, or
h and Weinef kraft.

.r this research Portable debarking equipment has been added to

ease in pro- _,_ne woods operations and concentration yards away Aspen is readily pulped bv any of these commercial

lg fibers and :tom ',he mill site have been developed. New forestry processes (Brunson 1964). In fact, it is the wood

somewhat o_ xnd harvesting practices for optimum management of most often used in development work because of the

Ltion of new ¢_r wood resource will no doubt force a growth in general feeling that if you cannot pulp aspen with the

:hme types of systems (Benson and Peckhaxn 1968). technique under development, you most likely do not
have a viable plan or program. Processing conditions

\Vhole tree utilization has potential in the fiber are not uniform from mill to mill for any of the

products field. Bark-chip separation techniques will processes, but can be controlled at an optimum for

mrkets, rnos_ _> required for some products. Various methods are each pulp and fiber product situation. For tile opti-

hipment. In :nder investigation and it is expected that alternatives mum, a wood specification such as percentage of rot,

dramatically ;,ill be available for both the processor and the size, brightness, or other wood factor could be in-
)t logging," :_ser of the wood. eluded. Table 2 gives estimated pulp yields of differ-

"he.Perhaps ent species for each of the commercial processes.
_e were the

7ant bright- Aspen, when improperly debarked, has been known
, :o cause some operating problems. Perhaps the most The data demonstrates quite clearlv the yield ad-

• of peeled :mublesome of these is the filling of paper machine vantages of the higher ctensitv woods and the import-

when the wire cauv.'cl by deposits of stone cells from the inner ance of including cost in the calculations so that yMd
process for per unit cost can be the comparable unit.
her factors bark on the wire, a problem similar to the filling

caused by resinous woods.
ack of ac- Groundwood
year-round

aspen with PULPING BY COMMERCIAL METHODS Two pr(x_'edures are available for producing
nill. groundwood t)ulps, which in 1970 accounted for al-

Pulping, the separation of wood into fibrous ele- most 1-_2 million tons of production in the United

mical and ments, is accomplished by mechanical means, by States, of wtfich aspen approached 10 percent.
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:,:, iiI_s aspen use. In the fine papers, kraft and The bulk of the aspen pulpwood produced in the
i

--.. ;,_._!psare prefe_'ed. Lake States is used in the groundwood, chemimechan-
ical, and sulfite processes. Aspen pulp in these pro-

: :<raft eesses provides the pulp quality needed at an eco-
: Suifite and Kraft

nomic advantage over other species.

n__ Cords/l:oa
i'?.c>r processes together with bleaching delignify

1.97 _> ,;_ co:npieteiy and make them suitable for fine The groundwood pulps are used mostly in printingz.96 _ paper grades. Here aspen provides highest printing
2.05 _,_._:o._l}_e aspen pulp fibers resulting from these
1.66 i *_"<; have special quality characteristics that quality and opacity without sacrificing runnability on

t.39 :_ _,._. ;i_,e,*n_m-ticuiarlv suitable for fine paper strut- either the paper machine or printing presses. The
1.41 _ " publication paper seg'ment of the industry recently_.,_;,_. i_vv have thin- to medium-thick walls and a

>:,_:_i_ :o diameter ratio in excess of 30. While vessel suffered production cuts but should recover with the

: _<:_,_s are mmlerous, their diameter is well below general business upturn expected. Small quantities of
_;'o,_ _,i_ich _esuits in the well-known and disastrous aspen groundwood are used in tissue at some expense

in quality but with economic advantage. This muste_._r pick problem associated with printing papers

_,:,::'_,_ain_ oak pulp. Thus the fine papermakers, es- never be considered a significant outlet.
;ult of a vim °_" '_ '_. ,. _,<_? those using sulfite pulps, have good reasons

l soften w_ _.__,,_qt aspen in tEeir wood procurement plan. Chemimechanical pulps are used principally in

c rrfill (Leas[ fiberboards and to a very limited deg'ree in fine pa-
'rcent. Steam. pets. In fiberboard, the low density of aspen is an

m the Mason. OTHER PULPING METHODS important factor for the low and medium density
products. The fiberboard market is expanding at a

this category. New pulping methods arise from laboratory and• , 5 to 10 p4rcent rate per year.
_,_i,_ iavestigations but usually fail to replace those

or combina- iast presented for economic or pulp quality reasons, Aspen is used in sulfite pulpmills for the production
_berizing and __r both.
_' hardwoods, of pulps for fine paper grades. Sulfite pulping, how-

ever, is in decline and such mills are being shut down.

• These pulps _(,lvent pulping is routinely offered for considera- Modifications of sulfite pulping with recovery systems_ost used in

_oard (Fahey :_n as a commercial process. A goodly number of are operating and planned for the Lake States. The
_(qvents to_ether with a hydrolysis reaction will re- real future of this outlet, however, is still cloudy and,"ory, the low '_

ar, especially ::_ore tignin from woocl, but the processes remain unpredictable.
"board field. :::_attractive despite steady promotion in isolated cases.

_proaches Therefore aspen must look to g'roundwood and
tn general, the commercial potential for new pulp- chemimechanical pulping for its future. Its advan-

:rz_,methods must be judged on the basis of the qual- tageous fiber morphology, as shown on table 3, makes

::' obtainable in relation to present methods and the it a desirable wood fiber, but its low density is a seA-

':x_llution abatement technology economically avail- ous economic disadvantage that limits expansion to

a)r these processes, other processes and paper grades.and Nero ._bte *c

the chemi-

80 percent.. It is highly probable that if and when a new pulp- LITERATURECITED
note severe :>g process is put through the pace_ of pilot planting

!ess power, and commercial evaluation, aspen pulpwood would Allan, R. S., C. W. Skeet, and O. L. Forgacs. 1968. Refiner
_e one of the first wood species to be used. groundwotKt from deciduous species. Pulp & Pap. Nag.pulps were

ng all _ypes Can. 69(18): 74-80 (T351-7).
Benson, M. K., and J. R. Peckham. 1968. Preliminary ob-

,e. SUMMARY AND CONCLUSIONS servations on a bark and wood-chip separation procedure
for aspen. Genet. Inst. Pap. Chem. Physiol. Note 2.

,r this pro- In summary then, we know that aspen is available Brown, C. L., G. Seager, and J. Weiner. 1957. Constitution

both fine and is readily pultx_d by any of the commercial pro- and pulping of aspen and poplar woods. Inst. Pap. Chem.. i

mica/ pulp cesses now in use. This fact strongly suggests that if Bibliogr. Ser. 184. ;i
Brunson, F. H. I964. Suitability of various hardwoods for

e the yield and when pulping processes are changed, aspen will pulping. South. Pulp & Pap. Manuf. 27(11): 82, 84-6,
_sity hard- still be a readily usable source of pulp. 88, 90, 92.
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WOOD AND FIBER PRODUCTION FROM

SHORT ROTATION STANDS
" Percent

22 Dean W. Einspahr, Senior Research Associate35
.35 The Institute o[ Paper Chemistry

24 Appleton, Wisconsin

3o

ee of
ABSTRACT. Growing native and improved aspen on short rotations is recom-
mended. Information on young sucker stands indicate that by using short rotations
of 10 to 20 years and complete tree, chipping-in-the-wcmds harvesting, total annual

• Supergroun6 volume production can be more than doubled. Additional major increases in volume
production can be expected through the use of genetically improved trees, fertiliza-

md pulping oi tion, and irrigation. Wood and pulp quality are expected to decrease on!y slightly

, Bibliogr. Ser_ from large-scale use of short rotation aspen.

t8. New Yor_:
F,,r a number of years I have had the philosophy juvenile growth, (3' have form and natural pruning

Utilization 0f :!:._ <ompetition," not love, makes the world go that facilitates mechanical hat_'estine, (4) will re-

production c,{ _>_v.lndand I think that this concept will particularly spond to intensive management practices, and (5)13) : 529-35, _
_._)_)bto Lake States forestry in the 1980's and 1990"s. have suitable juvenile wood and pulp quality. Such a_tiona| Paper

/Iatane. Pulp }:_'_.w._t_as a source of woody raw material and forest system also requires an efficient methcx] of harvesting
ma:mecrnent as many of us know it, will survive in and complete utilization of small-size trees.

v ,9and pulping :?:c _-ke States region only if we remain competitive.
m., Bibliogr. _ :v,ajor increase in both hardwood and conifer re- SILVICULTURAL CHARACTERISTICS

:_i:.-ments is predicted. Hardwood needs, for exam-

;b. are expected to increase by 400 percent by the The siMcultural characteristics of Lake States

".'..'- 20@0 USDA Forest Service 1965a). I am not aspen, bigtooth and quaking aspen (Populus tremu-

<._._,,ecnoug}l to believe that we can grow red pine ioides and P. grandidentata _, is wet1 documented

._::ciiack pine rapidly enough to compete with south- USDA Forest Service 1965bi. Aspen, particularly

_r_ _oine and increase our share of that market, but quaking aspen, is widely distributed geographically

I do fee! that there is a possibility that we can re- and has the ability to grow on a wide variety of

:z:ah,_competitive in producing hardwood fiber, par- upland soil types. Growth and development of aspen

::c_iarlv aspen, is strongly influenced by soil conditions, and aspen

and aspen hybrids are expected to respond to inten-

T}'_e solutions most often suggested for meeting our sire siMcultural procedures aimed at improving site

:aw material requirements include improved utiliza- quality. Noted for its vigorous production of root

:ion, intensive forestry, and the use of genetically suckers, aspen rapidly occupies an area after being

irr_proved trees. The concept of short rotation aspen cut and develops into densely stocked stands contain-

/orest_w encourages the use of all three approaches ing trees with good straightness, gotwt natural wun-

a_:d for this reason is obviously not new. The ob- ing, and narrow crowns. Also of considerable import-

.icctive of this paper is to present you with data indi- ance is the ability of aspen stands to develop, once
caring that a system of short-rotation forestry will established, with a ,ninimum of siMcuhural trc_at-
aork. ment.

SYSTEM REQUIREMENTS SUCKERING AND VOLUME GROWTH

To make a short rotation celhJose system econom- Rapid volume growth is essential to any short

I icallv and biologically feasible requires the use of rotation system. In the case of aspen, the kev to the
species that: (1) reproduce easily, (2) exhibit rapid rapid growth of juvenile stands is the vigorous suck-





:)

insects. i.....o.o,: __.-- A_e,... density, and volume o/ improved aspen in plantations

2 : : : Total volume : Average volume growth
ms itmay _ v,se- Age Trees per acre per acre per acre per year3/

4/
aspen. To t_ Years Number'- Cu. ft. Cu. ft. Cds.

picing system ..........

ngs be plant_ Tr:p=o=d hybrid aspen (2) 5 538 (9x9) 76 15 0.18

uare feet per Quaking aspen progeny (14) 5 2,420 (3x6) 211 42 .49
Qua._ing aspen progeny (2) 10 538 (9x9) 503 50 .59

ting could _ Tripioid aspen (i) 10 538 (9x9) 613 61 .72
J of the mm_ Quaking aspen progeny (7) 10 1,210 (6x6) 1 075 107 1.26

nqe growth _ :r_pioid hybrid aspen (2) 10 538 (9x9) 1 118 112 1.32
Quaking aspen hybrid (1) 10 538 (9x9) 1 300 I30 1.53

Of the bette_ ;ig:oo:h aspen hybrid (1) 10 538 (9x9) 1 905 190 2.24

fig. 1). The rrzplo_ aspen (i) 13 538 (9x9) 1 361 105 1.24

t spacing On rripioid hybrid aspen (2) 13 538 (9x9) 2 577 198 2.33

,tantings and _i Test p!antings have been adjusted to a standard 90 percent survival to make

lable to the compar=sons possible. Since actual survival for most was over 90 percent, the growth

"oved aspen, figures are conservative.

[ats listed in _ yumber of progeny groups averaged is in parentheses.
3, Bark-free volume growth; based on 85 cubic feet per cord.

real voh_me ! spacing in feet given in parentheses.

dll be 10 to

lanting (fig.

with aspen

eedling and

growth re-

rom fertili,

e it is leas-

ne growth v; .... re t A _ :_.r_;,• ,_. .... -- _>.:_,_a k)brid aspen plant-

_r possible " _/!at a: age /S kas a mean annual

:_:creraent o I98 cu. ft,, acre�year. The

7_czr_ting is Uo:,:/_z_" on a sandy soil in
t:ort/zern r_';_ ,.;_
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<nin :_>,d cx_.ractiv('s arc important be- PULP QUALITY

;i ,_-;_.:::_,,,i-:c,v!:ieestimates of maxhnmn possible
.... _',d ;v,__:<c_,. in the case of extractives, Pulp quality of juvenile aspen has also been in-

_' _,_>,: ,m_,chine _itch proble, ms. I,ignin levels vestigated, although not as extensively as wood qual-
<_,,_,, _,:c cor_sismntlv l(:ss than those for itv. The amount and type of pulping data available2

%%_v _ ,,.)c'_. __:_ cvcra_ diih'renccs between age 10 for review has resulted in a less well-defined age

,., _ "',, arc ciza:ivciv small 18 vs. 19 percent) relationship than was evident for wood properties.

Fi_r-,,ca>okl aspen often exhibit high Pulp yield, based upon age 5 micropulping informa-

iploid hyl,_ ........ ,,_t_:_,c_!xcs },u_, by age 10 extractive levels tion, indicates yield of extremely young aspen will

znnual inc_e, : ,,_ i)c _,,:_,,,- no,,::::d. At rotation ages of greater be as much as 4 percent lower (48 c,s. 52 percent)

_r. The n_g :: ,,<_>, no _'xwachve problems are anticipated, than 30-year-old aspen. Ten-year-old diploid aspen,

randy, site i_

Table 3.-- Variation in quaking aspen wood quality

: : Specific : Fiber length : :

:_;uc-<:e anc_ _vpe data : Tree age : gravity, : wood_ / : Lignin : Extractives

Years Mil limeters Percent Percent

As_en Heri_abilitv Study 2/
!,958 ptan_ings 5 0.37 0.63 (3-5) 18.5 3.7
:_259 p!an_ings 5 .37 .63 (3-5) 17.9 4.7
960 plantings 5 .37 .59 (3-5) 17.8 4.2

u_cropulping Study_ 3/
Diploid families 5 .37 .53 (5) 17.8 6.8
ih'ip/oid clones 5 .36 .61 (5) 17.2 6.3

Triploid hybrid families 5 .40 .70 (5) 17.2 5.4
Fertilizer/Irrigatlon Pulping 4/

Control 9 .33 .66 (7-9) 17.5 1.5

Fertilizer (F) 9 .33 .68 (7-9) 17.4 5.4
_ater (W) 9 .32 .72 (7-9) 17.6 2.4
F + W 9 .30 .68 (7-9) 16.7 4.9

_'holeTree Pulping Study5/
Diploid families i0 ,35 °86 (9-i0) 18.0 3.4
Triploid clones I0 .34 .96 (9-I0) 18.4 3.3

Friploid hybrid families I0 .42 .99 (9-10) 18.0 3.5
tklture diploid 33 .35 .97 (30) 18.9 3.4

_'holeTree Clonai S_udy6/

-tree vana- :;tature diploid 30 .40 .87 (30) ....

[mat as the 1/ Fiber length based upon annual rings indicated by the numbers in parentheses.

_/ Einspahr e_ ai. (1967).

;rent age_ _/ Einspahr e_ al. (1968).

_/ Einspahr ez ai. (1972b).

ears to be 5/ Einspahr e-_ a-_. (1970).

thin a tree _/ Buijtenen e_ al. (1962).

e on aspen Table -I-.- E.rtimated wood qualit)'/a<,e relationshipspulp from
-0 percent : , : Fiber length : :

e 4). Ten- Tree age (years) : 5oecatic gravity- _/ : Pulp : Wood2/ : Lignin • Extractives

ngth about Percent Mm. Percent Mm. Percent Percent Percent
been esti-

y 8 to 10 5 o. 37 97 o. 50 57 o. 73 69 17.7 5.2
l0 .37 97 .71 82 .85 80 1.8.0 3.5

provement 15 ,37 97 .80 92 .94 89 18.2 3.5

aspen tree 20 .38 100 .85 98 t. 00 94 18.5 3.4

presently 30 .38 100 .87 l.OO 1.06 l.oo [9.0 3.4

hs greater _-- t/ specific gravity estimates based upon b.t_. disk samples, dry weight +-green volume.
materials Percentages were ob'cained by calling age 30 trees IO0 percent.

2/ Values taken from fiber length/age curve prepared from b.h. wood samples. Percentages
age with- were (_btained by cailing age 30 trees 100 percent.
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J can be sepa. :d i)_r her help in summarizing and reporting the Einspahr, D. W., M. K. Benson, and M. L. Harder. 1972a.
ne approach i_ Influence of irrigation and fertilization on growth and

wood (Chase ,a_a t)rcsentecl. TI_e financial assistance over a several-
, wood properties of quaking aspen. API-TAPPI For. Prod.

o<, })c:,iocl of approximately 18 pulp and paper corn- Lab. Symp., Efl'ect of accelerated growth on wood proper-

se of the con> :._ni_,s and/or associated organizations is also grate- ties, Nov. 9-ll, 1971; 13 p.

d by Blanch. ::ilv a<knowledged. Einspahr, Dean W., Miles K. Benson, and John R. Peck-
1, 1965) and ham. 1967. Variation and heritability of wood and growth

)y the Nort_. characteristics of five-year-old quaking aspen. Inst. Pap.
Chem. Appleton, Wis., Genet. & Physiol. Notes 1, 6 p.
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Still another 1968. Wood and pulp properties of 5-year-old diploid,

_n procedure _.:'._. !. E., and J. MT. Jarvis. 1967. High total productivity triploid, and triploid hybrid aspen. TAPPI 51(2): 72-75.
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cornpression, B._ck!c,rd, J. M. 1961. Separating bark from wood chips, hybrid aspen. TAPPI 53(10): 1853-1856.

expected to F(_r Prod. j. 11 ( t 1 ) : 515-519. Paper Trade Journal. 1971. One-hundred percent timber

a variety of B';ackford, J. M. 1965. Pulpwood harvesting now and 20 harvesting: a dream come true? Pap. Trade J. 155(30):
'-:rs from now. Am. Pulpwood Assoc. Tech. Pap. April: 28-29.

,-i;. Steneker, G. A. 1964. Ten-year results of thinning 14-, 19-,

F_uiitcnen, J. P., van, D. W. Einspahr, and J. R. Peckham. and 23-year-old aspen to different spacings. Can. Dept.

!9',2. Natural variation in populus tremuloides Michx. II. For. Publ. 1038, 22 p.

Variation in pulp and papermaking properties. TAPPI USDA Forest Service. 1965a. Timber trends in the United
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MATURE STANDS table depth) will cause considerable overlap between

ranges. These rehttionstlips agree closely with those

Growth from other previously cited studies.

_ studies Kittredge 1938, Stoeckeler 19t-8, Moreover, for growth to occur, a tree must utilize
.. \'(il(!_' _ud Pronin 193(t" Voigt, Heinselman. the primary substances obtained from soil--water

_:,: /:_<acta 1957 Meyer 1956" Strothmann 1960; and nutrients. Ttlus. using a fornmla developed by

,:.: _.z_:.Harrison. arm Westell 1963_ have frequent- Auclair arm Cottam t971 i the available water-hold-

,. _.,,ci :_,st)en growth rates to some characteristic ing capacity of the soil was calculated for each stand.

_- " _exture. horizon thickness, stoniness, pH, The average water storage capacity in inches per

::. :,_ <,xchanae capacity and organic matter and foot of soil ch't)tl_ for coarse-, medium-, and fine-

:,:.:_:_ [e,vels or of site (slope, aspect and topo- textured soils is approximately 1.50, 2.50 and 4.0

,._:,)::c t)osition . In the northern Wisconsin study _ respectively. Statistically, the relationship between site
_,:_ :_:ire index was related to some of the above soil index and available water-holding capacity is very

_,:_ 5_te factors as well as additional factors that strong (r. = 0.658) and indicates that growth is con-

,r,-,, (: _o be quite important. The followin_ para- trolled bv available soil water.

:r>:,_s on aspen growth summarize the results of
,._r Bye.ely. Because soil water is of major importance, it is

relatively easy to understand how other soil factors

.\v:>n site index is strongly influenced bv soil tex- affect aspen growttl. The stoniness of the soil affects

r'ar_: As the percentage of silt increases from 5 to 90 aspen growth by decreasing the water-holding capa-

:_'::<mu average site index age 50) increases from city of the soil by decreasing the amount of space

r County)," /,q to, 85 fig. 1_., A similar relationship exists with where water can be t_elct. A soil ti_at is 25 percent
e decreases decreases in the percentage of sand from 95 to 5 stone will have a site index that is at least five feet

season pre- ,>rccat Ira general, stands on coarse-, medium-, and lower than for a nonstonev soil, other factors being
6.1 inches; :ine-textured soils have site indices that range from equal.
; from 130 ,% :o 72. 72 to 78 and 78 to 85 respectively" how- A water table witt_in the rooting zone will increase

cure 1941). ,'v,,:r, the influence of other site factors (e.g., water aspen growth by providing additional amounts of
available water. However, the relationship between

; Spodosols site index and water table depth is not linear (fig. 2).
Podzolics) 85 Water tables between 3 and 8 feet in depth will

tee and an greatly increase aspen growth, particularly in the

:ures range × coarse- and medium-textured soils. Water tables
80 deeper than 8 feet will havc little effect on growthing on the e,

[ outwash z because few roots penetrate to that soil depth. Water

rage from

andy loam 75 8s

eron, Iron ,,

e well to _ _ 80
r_

)les in the _ z o _ z /
d in loess - /

_t a depth rs /

owth and A , _ , , ua //
e profile, o =o 4o 6o so _oo _-

g ro /
7ained on SILT CONTE NT (%)

nd Stam- Figure 1.---Rela_ionship of aspen site index to silt
'd in de- , , , , , ,

.per, soils content of the soil. o _o 40 so oo _oo _2o
loess will ---- WATER TABLE DEPTH (in.)

FraZish, ]ames S. 1969. Site indices and rate-textured
of conversion in northern IVisconsin quaking aspen. Figure 2. _.......Relation,drip of aspen site index to water

Ph.D. dissertation. Univ. of Wisconsin, Aladison. table depth.
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been usually ,,*_:,.,tt'pine in the tancierstorv.. However, even with an After aspen stands are clearcut on tile silt loam
[s important :.!;._c_._t white Dine seed source, the present white soils, 45 percent of the sites will immediately convert

ation rates. :!>" ,.,nderstories a_e not dense, having an average to the northern hardwood forest type and another 45

in influen- : .,,:_iv 135 sterns per acre. percent will convert to some combination of aspen

apacity and and hardwood. Approximately 10 percent of the sites

a_ds located .\twt aspen stands are clearcut on coarse-textured will remain in pure aspen. At the end of the next

se of higher -,i'_s _,_ tile end of the present rotation, aspen suckers rotation, aspen will not be an important species on

ddle slopes, . ._iicicnt to form another stand will grow through the fine-textured soils unless drastic rnethods are used

more sides, ::.,, !,_w clensitv pine and/'or hardwood understorv to maintain it.

west sides. ,_,ic}: averages tess than 200 stems per acre for all

valleys, be- ,:._:>i_ investigatcct. A few mixed stands of aspen- .YOUTH

ave higher :.,,,_c,,,,_)cdor_" _ aspen-hardwood-pine mav result but the

_er factors ...._bicm of aspen conversion may be more serious in Foresters recently entered a new phase in aspen
r:,. ,,r two rotations when the understories are bet- management when the vast areas of mature stands

_er developed, began to be replaced by young stands of aspen or
t on aspen northern hardwoods. Management problems and pro-

cesults for ()_ medium-textured sandy loam and loam soils cedures for these young aspen stands are considerably

:'r (1960) E!deron. Iron Kiver, and Pence series), white pine different than those for mature stands and several

Stoeckeler :rod northern hazdwood species also may be found in questions need to be answered.

s levels of ;_ixmre or separately in the understory. The propor-

_esium in- ,;_,_, of pine and hardwood in the understory usually How does reproduction density vary with the soil

d_'pcnds on the availability of seed from adjacent seed texture, amount of overstory remaining, or understory

<,_,.ces. In general, aspen stands on the medium-tex- density? How effective is site treatment in removing
:_r_'cl soils exhibit moderate conversion rates. There- cornpeting species and maintaining aspen? Do the

results of site treatment vary with the soil texture
:ore, changes in the acreage and volume of aspen on

.'ventually :}_ese soils can be expected, and drainage?
at form a

lern Wis- After a clearcut of stands on the medium-textured In north-central Wisconsin, clearcut aspen stands

tt control <oils, approximately 25 percent of the sites will im- on coarse-textured loamy sand and fine-textured silt
er table mcdiatelv convert to the northern hardwood or nor- loam soils were studied in an attempt to answer

ntrol the t}>rn hardwooct-white pine forest type, and another these questions (Fralish and Loucks 1968; Fralish

.' present ;5 percent of tile new stands will be some combina- 1971 ). Approximately one-half of the clearcut stands

_nce of a _ion of aspen, northern hardwood, and pine. Approx- investigated had been subsequently treated (cleared)

ect. The imatcly 30 percent: of tim stancls will regenerate to by a bulldozer and a K-G blade or disk. Generally the

rages in _<qatively pure stands of aspen, data for clearcut but untreated stands on silt loaIn

ve study, soil are for stands that are slowly changing in corn-
Stands on the moderately well-drained arid well- position" rapidly converting stands were more diffi-

ha, and d,"ained firm-textured silt loam soils (Goodman, cult to locate since, after cutting, these stands imme-
)roblem. I.?nne, and Stambaugh series_, are rapidly converting diately converted to northern hardwood species.

do not vo t}_e nortt_ern t_ardwood forest type. These soils

trdwood }mvc tfigh water }iolding capacities and are rapidly In general, a few small trees remained after tlar-

sswcmd, i,qvadvd bv sugar maple, red n:'-tple, yellow birch, vesting operations in clearcut stands: on a per acre
' . 51 and 44 ( :_,because w!_ite ash. green ash...\merican elm and red elm basis only trees 5{.3 inches) remained

,e study \_,t_ite pine is _asually not a component of the forest st,mding on loarny sand and silt loam soils restx'ctively
of red undezstorv in many parts of north-central Wisconsin. i table t5. Aspen reproduction did not appear to be

\Vhite pine of any size is noticeably absent, particu- affected by this low number of overstory trees, al-

larly in the Newwc_oci River area of Lincoln County though larger numbers could increase competition

ithin a and parts of Price and Sawyer Counties. Surveyor's and reduce the nunlber alld growth of suckers. Stands

will be records indicate that white pine was onc.e a compo- that were both clearcut and treated by bulldozing had

nent of the forest in ttmse areas, but apparently it no overstory trees and the brush and hardwood

was eliminated during the cutting and fires of the understory common to fine-textured soil was also
early 1900"s. absent.
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_>,.,,_s._"advanced haMwood reproduction prevents 1947). Although other climatic factors may be influ-
acre there is some corres-

:>:o,_, _ckerin_.. As previously_ mentiorled,, the cleat'- encinf_.. ,_ maximum stand _ ,

:{:.: _>,,:t<mtre:_ted stands on silt loam soils generally pondcnce to summer temperatures. Mean July tem-
::_i f. : ;.,.,,: ntlmbers of advanced hardwood reproduc- perature.s for these four geographic areas are 71 ° F.,

r_c!. _:?creto'" _e. had hitch numbers of aspen suck- 69 ° F., 67 ° F., and 63_) F. respectively (,U.S. Depart-

i _r, <)r_ sites where large numbers (500 or more per ment of Agriculture 1941).
:.. _)t }:ardwood stems are present, the conversion

.::,. {<_.apid and the site must be treated if aspen is Deterioration appears to follow a definite pattern
" _:_aintained. The treated sites are now covered in each stand. During the ages of rapid growth the

• ., __-_.r_ct,_cf young aspen stands (table 2) but even-aged condition of the stands creates severe com-

:._: _::}:,,,t ttcatn_cnt aspen would have been excluded petition for light and moisture. As less vigorous,
<:e _,, ,,?:_. tcs were stocked with advanced hardwood slower growing individuals die. openings are created

:_:..:-,:-,d_cti<>nafter clearcutting but prior to treatment, that are rapidly closed through radial crown growth
of faster growing individuals. Because of the closely

if hazel and _}:_ _omewhat poorly drained silt loam soils (Clif- packed canopy and even-aged condition, the trees

he site. Very : :_: ,_'ricsi, ti_e treatect sites had approximately become dependent on a continuous canopy to prevent

.'r. In 3-and :;.t(!(_ 5terns per acre at age one, but at age four exposure and breakage by wind.
ed to 12,352 _.!_,_{{}stems remained and most of these stems

gh mortality ....,_,-i_>cated on small raised mounds. The surround- Growth slows as maturity is reached, thus when
:ilion.

i,,:.:er anti more poorly drained areas were nearly individual trees die. the canopy holes cannot be closede . .

.:,._".id of aspen reproduction. Therefore, it appears as during earlier periods of rapid g,'owth. As the

_ther slowly :!:at sites with somewhat restricted drainage should canopy becomes more open, the frequency of break-

5,600 sterns >;: !_c treated but be allowed to convert to northern age increases. Mo_eovor, the open canopy exposes
:tured soil if ?:a,,dwoods. the stand to the stresses of increased wind, sunlight,

proximately and evaporation. Aspen ptt?'sioiogy is not designed to
sed by deer. ():i_er species such as black cherry, red maple, tolerate these suclden stresses anct the tree usually dies,
to develop; '.,i:ite birch, juneberrv, and pin cherry are found in. or becomes tess vigorous and thus more susceptible
:tazet delta- :_*mriv all stands. Only willow showed a relationship to disease and insect attack which further increases

ot compete >c:w{:en density and soil texture or site treatment the frequency of breakage. The entire process of

developing. , ",,_}>!e2). Willow has a much higher density on the deterioration rnay take no longer than three or four

'arning can ,ilr. loam soil, especially on the treated sites. These
).i_.q_erdensities reflect not only the more favorable years.

:'_,oisture conditions but also the stimulating effect of In mature stands, aspen density may average from

,i_e disturbance. 300 to 400 trees per acre. In deteriorating stands,

aspen density ranges from 1!5 to 138 trees per acre
OlD _131: (table l) and is decreasing. "Fhe starMs are relatively

"_e phenomenon of aspen stand deterioration open and the twes often, but not always, show evi-

natural breakup) is a relatively new problem in dence of heartrot.

:_t>st management (Fralish and I,oucks .1968" Fra-
:isia 197t). It should not be assumed to occur with Overmature stands on loamy sand soil have low

',}:e same frequency or at the same stand age through- mm_bers of aspen seedlings and saplings because

,,pt ti_e geograpt_ic ranee el aspen. Some evidence sucl_cring is inhibited by tl_e rmnainino, overstorv
:tal)te 2'. The stein densities of other species are also !{

indicates that natural breakup varies with climatic
low so that these sites are {onvert_ng to open, non-

conditions, productive forest and brusl_, primarily uneven-aged

[n central Wisconsin maximum stand ae(' ranges aspen. Rubus. and related <pecies. l[owever, as long

from 25 to 35 years Portage County), while 75 miles as a few live aspen trees pe_ acre remain, such stands
to the north (IAncoln County' maximum stand a_2e can probably be reoenerated tt_rouvl', the removal of

ranges from 45 to 50 years. In Sawyer County. 1(}0 the o\erstorv and disking to sti_nulate suckering.

nfiles northwest of I,incoln (Munty, maximun_ ._tand In some cases, it _mv t)e preferable to refrain from

ages range frorn 55 to 60 years. Aspen stand ages in treatin_g stich areas in order to create a natural open-
northern Minnesota may reach 100 ?'ears (Zehngraff in,_ for wildli[e.

*N
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NATURAL SUCCESSION
_f cutting ar_

,e investiga_ _N NORTH-CENTRAL MINNESOTA

Henry L. Hansen, Pro[essor

the financial University o[ Minnesota, St. Paul, Minnesota
and

Experimem Vilis Kurmis, Research Associate
Visconsin De.

n, Wisconsin, University o[ Minnesota, St. Paul, Minnesota

Loucks, De. ABSTRACT. A large area of aspen forest in Minnesota will not be harvested,
2Tniversity of and the nature of the succeeding forest will depend on natural successional processes.

These changes have great significance for future wood supplies and deer and grouse
habitat. This study examines the nature of forest succession in north-central Minne-
sota and describes variations in stand composition that will occur under different
site conditions. Three broad lines of succession are described leading to stands of
tolerant hardwoods, mixed oak with dense shrub understories, and "shrubwood."

The dynamles
the understor-

Monogr. 41: THE PROBLEM States. In addition, the great value of this type for
deer, moose, and grouse habitat make a knowledge

"eatment, soil .r')'e aspen type covers 13½ million acres, approxi- of the-successional processes of even greater concern.
)roduction in

m:.v'_va quarter of the commercial forest land in the2_: p. 38.

Reproductive Lake States. In Minnesota it is the State's largest This report considers the successional processes and
clearcutting >rest type, occupying over 5 million acres. Most of site interrelationships of aspen stands in Minnesota

)re 136, 5 p. :}_istvDe iS in the older a_e classes, between 30 and under relatively undisturbed conditions. It considers

md Casey E. ,_;_1v:'ars. Using timber management projections bv projections in thne assuming the stands studied will,f the Great

of Michigan L_m&zren_ it appears that the present two million not be logged or burned but subject to "normal ....
_ord annual cut of this species will increase by an attrition by insects, disease, old age, and wind.

, of habitat, _:ea equivalent to about 5 thousand acres per year.
aspen com- However, even with this increasingly large acreage THE STUDY AREA

Monogr. 8: ,_t there is a considerable present underutilization
The study was conducted in Itasca State Park in_,f the aspen type, and a vast area in excess of two

zon texture north-central Minnesota. This area was selected be-
tern Minne- ::_iliion acres will not be harvested and ,#,'ill be sub-

cause it has been subject to a minimum of disturb-,_ct _o "natural" successional processes. This is par-
g aspen as "ict_iarly true in Minnesota where the ratio of utiliza- ance by logging or fire for the life span of the existing

i: 727-737. _ion to acreage and growth is lower. 2 aspen stands, ltasca State Park covers approximatelythe ,growth " 33.000 acres and contains elements of the mixed coni-
_niv. Minn.

The great capacity of aspen to sucker from shallow fer-hardwood, deciduous, and boreal forests with
influence of prairie conditions to the west. The cli-'_ of aspen iater.al roots followlng _., _ or• lo,,,,in,_ fire is well known,
mate is typically continental. Surficial geology reflects

t'rv., Lake Harvested stands, particularly if clearcut, seldom

s. pose regeneration problems tmtess conversion to other a complicated glacial history and the effects of the
and man. SPecies is desired. However. what succeeds the aspen movements of three ice lobes. Soils have developed on

tills and outwash of gray drift origins. They belong_da. 1957. orl the large uncut areas is of great importance to
>fquaking the wood-based industry of Minnesota and the Lake mainly to the Nebish-Rockwood and Menahga-Mar-
Proc. 21: quette soil associations and vary widely in soil texture.

trembling _" Lundg_ren, AHen L. Timber manaeement: pro- SAMPLING AND METHODS i_,
ic matter, jections for the 70"s. _'Unpub(ished paper /or A i

Symposium on the White-tailed Deer. 1971.) An attempt was made to sample the entire range
Lg aspen.

;pen Rep. " See Leuschner, WiUiam A. Projections of invert- of ecological c(mditions prevailing ira the area. From
tories in the Lake States. p.. 10-15. a preliminary surcey representing all major upland
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_,:in; a boreal species, balsam fir is on the south- relative longevity of tim species involved. The pines

_IE_A ,_:,_r.p_ cclge of its natural range. In the Itasca State and paper birch have normal lifespans exceeding
_'a:}, area it tends to occupy moist and cool sites. It that of aspen and can be expected to outlive it. How-¢OOO

_- -- i...r_cly lacking in aspen stands. Reproduction is ever, since these species like aspen are transient in
, _,,:i._i_>ur_don moist, medium-nutrient sites in places the absence of disturbance, they will in turn be

Z.,,,,-,_ _ to wet areas lfi_ 9i replaced by a shrubwood type, characterized by a

distinct shrub canopy with occasional trees in various

,,!,>_bs are generally distributed over the total states of maturitv. ;:
' !{

....,: :-_ aspen stands. The greatest abundance and {.
_- ,, _,_.:-<i_7 of shrubs occur on dry to moist, medium-

:::<:t _ites with beaked hazel predominating (fig. Succession of Aspen with Xeric Hardwood

_"__ Associates

_APt.E Successional Trends The two oaks, northern red and bur, occur in many

b aspen stands to the extent of 25 to 50 or more square

-_:cc_:ssion in forest stands will be toward the most feet of basal area plus a considerable number of sap-

, o ...._-:ant. species capable of invading, establishing, and tings and seedlings (fig. 2). These species have greater

_"::<_<_:ing under the site conditions present. Aspen longevity and tolerance than the aspen and wilt form

® ' ._.:_.,_tolerant species of well-known transient char- the second stand, the stocking depending on their

:,,r _,. the absence of disturbance, and most of its current abundance and age structure. Such stands

_,,_,,cia_,s except jack pine, paper birch, and bigtooth can be expected to continue to have a dense shrub
j >_-_e_}_ave greater shade tolerance. What succeeds a understorv.

___ _:_-<,,_raspen stand wilt depend on the relative toler-_::__,c,f anv associated species, and their affinity for

-oo various site characteristics. These relationships Successionof Aspen with Tolerant Hardwood
""-"- ,, f_rest stands in the Itasca State Park area are Associates

-_wn in upper figure i and figure 2.

The tolerant hardwoods in this area include sugar

Succession in Pure Aspen Stands maple, basswood (Ti[ia americalza), ironwood, and
" red maple. These species, except for red maple, are

/_ >;}_ere no oti_er species are associated with the largely confined to site unit 5 (moist, rich) _,fi_. 1

-_:_'n. succession under natural conditions will cte- and 2). In aspen stands on those site conditions

k ::_d on tt_. nature of ttxe final breakdown process, succession is inevitably to these ctimtux species. The
!( t!:e stand is subject to drastic blowdown, it is ciegree of stocking of the regenerated hardwood stand

_ '_,__le for a considerable number of suckers to will vary, but the ability of these species to regenerate

'"tene_ate a second stand of aspen. However, in most uncler their own cover will promote more complete

:>_ances a more gradual deterioration will result in a stocking in time. The shrub laver in these stands will

::'_i_:,dstand of aspen with a greatly increased brush be sparse or absent and consist of scattered leather- 'i

:>,pon(,nt, the shru_)wo:)d described by Hess. s This wood, alternate-leaved dogwood, and occasional other

'.P happen because several brush species, especially species _fig. 3).
,_,,d hazel in this area fig. 3), are aggressively

>sent over the total range of site occupied by aspen :i

":_,ncts. Succession of Aspen with Spruce and Balsam
Fir Associates

Succession of Aspen with Intolerant
Associates It should be noted that white spruce and balsam

fir are only infrequent associates in the aspen type

When aspen is mixed with paper birch, red pine in this area. Balsam fir is at the southwestern fringe

,r jack pine, species of essentially equal intolerance, of its range and it ctoes not appear capable of assum-

:_e nature of the second stand will depend on the _ng.,. the role of a dominant climax species as it does
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io 5 LVICS AND ECOLOGY IN CANADA
•\ provisional a_,,

,_nt_ in ,,_, J.S. MTaini, Program Coordinator, Tree Biology
Canadian Forestry Service

_n co_,_ Ottawa, Oniario
spen-birch _y_

_i-_:I_TR:\CT.- Aspens are widely distributed and grow under a wide range of

:,:..c,e-icai conditions in Canada. The most productive aspen stands in Canada are
,c:_._cd norti" of the height of land where rivers flow toward Hudson Bay. Formation
: c.,e_:es, d'.:e _o repeated vegetative propagation, is silviculturallv the most signifi-
'.::_ ,(ea_'<:'e of aspen stands. Clones vary in their suckm-ing ability, phenology,

.::-ow_i: vigour, form. and disease susceptibility. High grading of superior clones is
:.e_:i::_e_:r.ai z9 uhe future of aspen resource: clearcutting is recommended to ensure
._dec_ua_e ,:e_eneration and to conserve a broad genetic pool.

i'.-_v_,i:_-_in Canada constitute 54 percent of all TAXONOMY
_..._.,:_t.... _,,)_e}:aldwoods. or about 9 percent of tile

<aI ::< _,:a':cha,,:table forest resource. Of the eight Oniv two species of aspen belonging to Section

i -_-_.:_r .,>_'cles native :o Canada. trembling aspen Leuce of the genus PopuIus, namelv trembling aspen

::-: k_:_<ctoo:i_ asuen a:'e among the five suitable for and largetooth aspen, are native to Canada and the

::::::<c:_.l ::se Fi_:z_a_:ick and Stewart 1968). United States. Detailed taxonomic descriptions of

...... __',,o :_.sDen s_:)ecies, comprising approximately these two aspens, which are widely distributed in

:><c<_r_ of _:}:e ooDia: :esource in Canada, occur Canada fig. t _ have been presented bv Maini

:nm:_,::aeed s_ands, many of which are overrnature 1968 . Among poplars, these species max" be easitv

_::.dciecadent, recognized in the field bv the following morpho-

logical characteristics :
In s_..)itcof the wide disr.ribution and abundance of

"piars in Canada. oniv 5 percent of the estimated
-.Owabie annuai cut :s z_sed: this underutilization Leafy Condition in Summer

a_tributcd parzly to easy availabiiitv of conifers in

.._cmsc1<,er _o :hills and ,_arttv to certain biological 1. Leaf orbicular to broadly ovate or elliptical,

ar._,:resor the species_ However, interest in utiliza- glancttess. Buds not resinous; leafstalk, at le_Lst in

:__n and :nana_emen_ of ?.spens is increasing not onlv upper part, flattened in vertical plane, about _,./_

'_cat,se of the expected :ncrease in tim demand for length of blade Aspens .... 2 ii,

_rest p_v<iucts but a!so because of the wide ecological Leaf narrow, tanceolate to ovate, fine-toothed. Leaf

-:mplitude and fas_ _,_,o,,v_h.rate of aspen, stalk about s,/,/.,Ien_th_ of leaf blade, flattened on top.
Buds resinous ..... Cottonwood and Balsam Poplar

Various biotooicai as_:)ects of aspens in Canada have !}i:

?>eendescribed ip. _vcent reports , Maini and Cayford 2. I_eaf coarsetv sinuate-toothed: usually I0 or

i968, St_oup ct _:,_.t96S . This reIx_rt deals with the fewer teeth each side. Buds grayish downy. :l

qlvics a_xd ecoloev of asLwns in Canada, with empha ..... I_argetooth Aspen

sis on the features ce::sidered significant in the I,eaf tlnelv serrated to crenate: usually 15 or more

management of natural stands, teeth each side ...... Trembling Aspen
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::nd t}leir timing appears to be'. determined by been attributed to isolation-induced increase in soil

i : ::_,_c_ature tn Ontario, flowering, le_'ing, and temperature (Maini 1968) and to relief from the----, :i._)crsa[ occur about t0 days later in largetooth apical dominance effect, t Repeated vegetative repro-i
i <: *,!::m in trembling aspen. The considerable duction of dioecious aspens has resuhed in the forrna-

..... t

1 :_._.:.,_:_mii_ the phenology of different clones helps tion of male and female clones that range from a few

--i , u' various clones, to several hundred trees (Maini t968) and occupy

__.._j 0.01 to 3.80 acres of land. i From a silvicultural view-

'/ Sexual Reproduction point, the development of clones is perhaps the most
i significant biological feature of aspen stands. While

*_.,,..,_ ._tart flowering at about t0 years of age a single clone may occupy a particular land surface
to the exclusion of others, intermixing of clones is_,,.;: ::,..:tu.,_, trees produce adequate seed crops annu-
common.

,_.i_!;<_t s,:>d crops mav be expected every 2 years.

_,:::_ .m "'average year,'" fo," example, a 23-year-old,

_,; ....t-_:_li tremb]in_ aspen in southern Ontario pro- Trembling aspen suckers are borne on roots that

., /; ' ,_,,! ! i5 million seeds. The seeds are light (2.5 rail- range from 0.2 to 2.0 inches in thickness and are
-,r_ :_,'..':_hling aspen seeds weigh 1 pound), pear- located in the upper 2 inches of soil (range: 1.0 to

...... and have a tuft of iong silkv hair attached to 4.0 inches) The sucker-bearin_ roots on largetooth

'--r_:__ow _nci. cnabling them to disperse over long aspen range from 0.2 to :I-.5 inches in thickness and

: ,::2._c_.>;.In spite of the enormous quantities of aspen penetrate to a depth of 3 inches in the mineral soil

_,,..,i ,_r,:_duced annuath and the ease of germination (range: 1.0 to 7.0 inches).

::dcr controlled conditions e.g., 80 to 95 percent

_: _c>m temperature), estab!ishment resulting from Although under natural conditions suckering is

-..ds under natural conditions is uncommon for the profuse after various t.vpes of disturbances, aging.,,,.v;,lo. reasons Xlaini 1960. 1968)" aspen stands reportedh decrease in suckering capa-
city. The pattern of spatial distribution of clones and

!. 5;hort seed viability, the physiology and ecology of root-suckering have

2. I}Io presence of a water-soluble germination been studied under controlled environmental and the
:::d _lowth inhibil:or in seed hair. field conditions. The studies show a significant ctonal

', F}<, occurrence of unfavorable moisture condi- variation in suckering capacity. (fig,,,. ,9_, optimum

" ':_s d_ring seed dispersal on t@anct sites that aspens temperature for suckering, and the rate of suckering
..:._v inhabit, in the two species of aspen (Maim 1967), and the

4. The susceptibility of seed v o rootability of newly formed suckers. 1 In the con-,._nn.,s to high tempera-

:'_ _}lat occur on sol! s¢_rface blackened by fire. trolled environment, root cuttings from clones that

,f trembtie4 5, The st_sceptibilitv of seedlings to fungal attack, sprouted the most suckers produced the most large

[aim 1968) 4. The adverse influence of diurnal temperature suckers. No significant correlation, however, could be

from a sihq- :::culations on initial seedling growth, established between the size of the clones from which
;pen " 7, The unfavorable chemical nature of some sub- the root cuttines.,:, had been samoted), and the sucker

:rates on which the seeds are likely to fall. growth or the rooting ability of these root cuttings;
clone size was also not related to the soil moisture

and tt_e nutrient level of the various sites. 1 Consid-

_" Asexual Reproduction erabh" clonal variation in disease susceptibility has _{!

also been reported (Wall 1969' The foregoing fen- i
t(()oting of aspen stem (:;uttin_s is extremely dift'icult

ale and re- ::_a one of the major obstach's to mass multiplication t_u'es indicate that the natural stands of aspen are

n differen_ "): the desirable gvnotypes. Sprouts from stuml.) and genetically and ecologically very diverse.

ever. have root collar are uncommon, although sprouts from the
Flower latter occur somewlmt more frequently in largctooth

? leaf bud -_ aspen than in trembling aspen.

flower and _ Steneker, G. A. Structure, size, and develop_nent

'n Canada, The most cornrnon mode of aspen reproduction is (_f trcmb[bn._ aspe_z (Populus tremuloides Michx.)
f in earlY the formatic, n of adventitious shoots on roots stack- clonus in ]t.lanitoba. /Unpubli.dzed rr/.)ort, 157 p. ,i{

,'ed north- _:rs). Suckering folloxving logging in aspen stands has 1972.) !i
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Figure 2.---['ariation in sucker formation on root

cuttinL,_ obtained from four clones of Populus
tremuloides and P. grandidentata, maintained at
75 ° F.

EARLY GROWTH There is considerable ctonal variation in the phe%!

ology, growth rate, form, branching habit, and _i 71

Stem Growth ease susceptibility. Studies bv Vaartaja (1960) ha_ "

demonstrated the occurrence of photoperiod ecotvPi

Aspens are intolerant to shade and require full in trembling aspen -- a feature that one would expe{

sunlight for optimum growth. The suckers mav orig- to occur in a widely distributed species. 2 . •
inate singly or in a clump and the heieht of _he

dondnant shoot in a clump increases with the num- RootGrowth
ber of suckers in the clun_p Maini 1968',. Suckers ; •

that initially have a rapid m'owth rate tend to main- [nformation on initial root growth is scanty due :[ _0 r-

rain their dominance fPoI!ard 1971_. the paucity of seedlings in nature. Howev,_r,,_ m':°_ ! "

new roots develop near the base of suckers and spre_

IIeight growth of vouno plants was not adversely laterally in the upt_er soil layers. Trees of suC_l '

aft'coted when s_bjected to vario_s degrees of defo- origin can be distinguished from seedlings by a th_c,! ,! _-

tiation, branch pruning, and dcbudding r'.Maini 1966, enine that develops on the distal side of the pare:! _o___49° i _-
Pollard 1970) ; these observations suggest that a young root adjacent to the sucker ( Maini 1968). The rc_{ 9
stand of aspen suckers may be lightly browsed with- system of astxms extends 40 feet or more from t!.',)

out any detrirnental effects to the future crop. stem base, that of largetooth being located a {e,:i r:]
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_,_: ;-, ,:,cc_cr thai_ _I:lat of the trembling aspen" the I,O00 to 1,500 stems; at maturity (70-}- ,,'ears), the

: _ :_is<+ i+"ss orofusclv, , branched and }ins fewer st,ockin+_ ranges.. [rorn 3f)0 to 400, trees per acre, Re-

+,,,+ ::::<,_s _+><_ts.1<cccntlv Ztafa (1971) }ms success- generation of aspen following removal of apparently
.... _ >_{+<laspc:n by plar_ting succulent suckers in a pure conifer stands is usually from the roots of a
. L_i/.,' rootirg tncctitm,, maintairmd under high few widely scattered individuals.

Aspens grow under a wicte ran¢_e_+of ecological con-
ditions and are found associated with ahnost all na-

STAND DEVELOPMENT AND MANAGEMENT tire trees of Canada. I)epending on stand history,
the two aspens occur in extensive pure stands, in

[_. i.utoi,.'iant aspens have many features char- mixed stands of the two aspen specbs, in association
+,:,.::,,_.:c_>ta pioneer species. However, most aspen with conifers, particularly spruce and pine, ancl with

.... on cutover and burned forest land is other harchvoods, comrnonly paper birch. Shrubs and

....." *:, _+ i.c+, hom root suckers. The abundanoe of herbs comrnonly associated with aspen and competing
:_>,_:s c!istu,:bcd forest !and, which is indicative of with aspen regeneration include STmphoricarpos ,
:+.-'r 'c,:,loVic significance, is determined by the pro- Cor)'h_s, Agnus, Pr_enus, Sa[ix, Lonic+ra, Kibernum

, 9 +t<u +,_aspen in the logged or burned forest and and Pterfdium (Maini t.68)
:::_ ::::_<nitt,.deo.f disturbance.

In one investigation, the height growth of dom-
A !+,_,_,,stocked stand of aspen, when clearcut (or inant trembling aspen trees was measured in 96

,rn'_! procluces tip to 40,000 stackers per acre. mature stands, located in an approximately "_" +, _:)0-rmle

i;;,_,:<r, mortality in young sucker-stands is high long south-north transect, extending from 49° and
<d },v _0 years of age, the number is reduced to 30° N. latitude (fig. 3). In the south, }lelght growth

e
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/ " Figure 3.--Influence of climatic gradient (as related90_- / .....
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d :5<,":_t,. c.:_anism._. F:om xylary tissues, a vadety of

!i _. : _:::¢i bactcda has been identified (Good and

_iJ: N_,,i,_,_i!_62, T}u_mas el aL [960). Apparently, these
_:.:!,:,.::t c,r:::m:sms {:teract in such a way as to follow
;.::<,_:_,,:}u,r i:: a successional manner, sugcestirlr, that

r-o_,::; :_s a precursor for the next. A strong case

_,; ::_, corxcrept of fungaI succession in wood was

_,,.,_j,, I;, S}fivo , t967_ and a good account of the
, _¢-..:,i_.>:_aI ap:?earance of various organisms in

,_,:,_-::>,_s pr_,sented by Etheridge (1961). He found
,:_,_,: ,: ct_,,q: were the first organisms to appear, fot-

bv CytcJ,;pora spp,, Pho'rna spp., and Libertella

,_.::_ I',,.o >:ood decay fungi, Corticium p,ol),,_onium,
" ,aU,{._ D. t , _,i_..... 3,.,r>; adz_stus, preceded the common decay

:m_;:,, Fore<; i_;niadus.

Thc,,:_h stains are ve U plentihfi and occasion much

is necessa_ , _,!,_:a,,,loss, the decay-causing organisms are respon-
low as 35

e,_;>b/or the greatest volume loss in the aspen type.

_g fungi, tin, i'!:,, b_dk of the damage has been attributed to F.

ds. Ahhougi ;:,:ia ff::,r, Early in this century there were reports of
I areas of the

,:,:range bv this fungus to aspens in New England

ole is girdled \\rigb and Frothingham 1911) and the Rocky

bgraded, the 3d:,u::tain area (Von Schrenk and Spaulding 1909),
N{ost of the Figure t. Cross section ,[ a,;t)_'_ i_tected b)' Fomes

igniarius.
:onsequence, F. h:miari'us is worldwide in its distribution, and on

_:_'_,'r:it is known throughout the United States and
(L<'ada. in some locations more than 50 percent of ;-,,*reatest ::unou_t o[ damavt., after F. ['__nda_?m;.P,astmm

:ms of aspe_ :!:e t;ees on sampk _ plo:s have been infected (Basham (1958; isolated t_ad,I,m cascarie,'rn, Cortic;.,m poly-
._r:d Morawski I<64 . Thomas et al. t960) It is re- _4onzurn. and Pholiota adiposa most frequently from_ciated with _' ' ....

e others do )_:,,'md to be so prevalent as to rnask or conceal rot yellow stringy trtmk rot in tIw [,Tp_cr Pic t<eeion of
_.>:5,,,d by ot}wr f _n_,: /Schmitz and .Jackson 1927) Ontario. Fr'om ])_ltt I'Ot ill the saLrle :eel[oil, he isolated' associated

rst_M. Dis*. Frl,.fi::ng bodies (fig. [) are regarded as the most Pholiota rpectabiIis. ArmilIaria mcHea. Radulurn ca-
:diabb external indication of decay (Basham 1960), seariurn. Pkoliota adiposa, and CoHvbia vchdipes. Ine of micro-
_::_-tsome patt:o!ogists have attempted to esthnate northern Michigan and Wisconsin. Anderson andnot know_

_v length of ,:<:cav losses ira indivktual t_ees on the'. basis of sporo- Prielipp: found R. casearium and A. ,z¢ilca to be the
:.,w_e presence (Hinds t.96,_, Horton and Hcndee most abundant decay-causing fun_i on aspen. In

;the xylem _,y., ,.:'.,>'t., b, Jev and t_ier t936) Other studies have re- Colorado, l)avidson ct a[. (t959) isolated (>;tochaete
prcMuction ' ' " "

:xt,cd d'm:'we to trec _,e (Mcinecke 1929, Riley polyeonia most frequendv even though F. igniarius

ylem killed :{)52), hright (Brown 1934), and diameter (Basham caused the greatest volume loss.
e does not :9_i()). Evkbnce conflicts as to the relation between

_i_:: quality and decay !Wagener and Davidson

954)- both positive correlation (Davidson ct al. Cankers

are zones i959; and negative correlation (Browr_ 1934) have (_ankers are among tlm most con:mort disease :'_'
)nsiderable b{:_r: repo_tcd. Apparently, hosts vary in susceptibilit> ..... :;

AIthough to decav by F. igT_ia_-ius because incidence of this problems on aspen. Although there have been few
'ed greatly comprehensive assess_m'nts of tl:e damage caused by
,red wood imthogen varied si/nificantly among different aspen

chines (Wall !969). (:tone had a greater effect than
tire prod-

te on decay incidence. : Anderson, Gerald IV., and P?i_'h;j:p, Donald O.

Decay and stain of quakit_,/ aspen in _o_tkcrn 3Iichi-

umber of Few reports agree on which fungus causes the next ,an a,d Wi._(o_dn. (U,q;ublid_('d manu,c_ipt.)
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_chanismof:_ " ,:.,- mode of infection is not known,

result of,_ _. . ._.,ms first appear as slightly depressed

nt of infect_>. ,... i:, i: a,:cas in the host bark (Bier 1940). _;_ _:-.. :)::-, a,:e, associated with branch stubs or ....

• .: :..... _,._ities tt has been reported that insects °" _ "_.._

:,:: :::a_.r'.ta! in transmission of the fungus by

_.::.-:.r,..c_h_ta cotLrts (Graham et aI. 1963) and

.... , _ ,.(,:.t,:ot would reduce infection (GrMmm

i!,_::,,,_ i954_. However, other investigators

-,_::,,, ..... elation between insects and canker dis-

.:. :._ !:.,,an 1959). _ _, °

,n;,': !_cvaDnce and host density are correlated; _ ', -_ ';_:_"!:_:_

..i_:............:,. ,t:_.nds have. proportionally more infection _ _3,. !;;._,'_":::: _;_

i:.':}_-dc.r::.,:itvstands (Anderson and Anderson "_-_;i. _]R)()">;_=_
[;_-val-r_,ce also has been related to age of the _. -_ ,_ _

._:_.t .,,:,o/rapific location (Anderson and Ander-

i',i;!_.. 5_anc[ composition, too, has been sug- " " _"_,
c ':°,! ,:_ b,'in,_ related to canker prevalence, but the '-_"

,>_-.,"..,.:.i0nis not clear. Evidence has been presented _',g .- ,
.... :,,,,, _hat new infections are established in a "wave

-._: i_at_ern (Schmiege and Anderson 1960). ,'<.e,;_::/__
>, i:_.:h_,:- environmental factors or vectors occasion - .;"_;(-{)4
',- , ;_}:{'iiOYllOllOn iS unknown. _ ' "-_:_

I,'_ minimize losses due to hypoxylon canker, the _"" -_" "_ *_
:..<t .:uanaeer should maintain fully stocked stands. _ ,a,-,: a.._._, _., -

":_:::ds in late-e,._ blocks are preferred to reduce edge ,,:._'* '_'_':_ ._i ..:'_.:.-:._'--' '

.:}:.,r. around mar_ins where hypoxvlon canker infec- Figure 3.--....."'Xectria" (.atzlccr on q_¢aking as/)en.• ,_ ¢

'._:_ i< f_c<_uenth high. [n addition, pure stands

-:_!d be encouraged... . Sanitationa! removal of in-

_-cu,d stems seems of little value, nesota Campbell 1960. Hinds and Anderson 1970 _
and Pennsylvania \Vood 1961- . These cankers sel-

_t the base Nectria and Ceratocystis Cankers dora cause' mortality but do cause volume, losses.
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xIi trees unde_ .:_;.e .,vcr die s{tc. t:or that reason, we ar'c in danger Dance, B. W. t961. Leaf and shoo_ biivh_ _,f poplars (see-

and sunscald _4 ,,,i-¢_ untokl acres of aspen type unless we can in- tion Tacamahaca Spach) causud by f','r'._uria flopufina

s pardcularty _ (Vuill.) Fabric. Can. J. B_t. 39: 875-890.::,.>< un: _a_c of tmrvcst or raise the pathological

_s where sum ....... :_ > ao> hv reducino the impac't of disease. Davidson, A. G., and Prentice, R. M. 1988. Insects and
...... _'- '_ diseases. In Growth and utilization of pop!ars {n Canada.

Carl. Dep. For. Pubt. i205: 116-I44.
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¢I o. iNSECTS
Poplar i_
Can. L _

Harold O. Batzcr. Pr.ncipcff Insect Ecologist
p(,p_a_sca_:> North Central Forest Expcri,zcnt Station3t : 45_

poplars ca_., .,
_pathology 3!

ABS [ },,A .._F.--insects influence tt_e as[:wn iorest thro._gh defoliation, borba_. <i,,x,:-

of ectotr0_., ' ling, gall making, and sucking plant juices. The impact is not well urtderstood but in
some cases may be ber;_eficial. The most prominent insects are the forest tent cater-

_ary ;invegfig, pillar, the large astx:n tortrix, the poplar borer, arm ell{: insects attacking aspen suck-
in Utah a,N_ ers. An increased awareness of the many kinds of insects [ound throughout the life
h :-\cad. S_:, .,_f an aspen stand will improve the forester's mana_remvnt decisions.

y. i 909. Di_

"0 Plant 1_ ..\;!>ns are host to a wide variety of insects. David- ct a[. 1955. [[ilctal_l and Rx{k_ 1060 G.:,utreau 1964.

,.:_ ,_v<i Prentic<, (i968) report the Canadian Forest Smith and Raske 1968';. Starxation _zw,,, occur whenHeart rot_ _
[n:-x-: and Disease Survey has recorded at least 300 the number of inscc_a incrcases _o raw,icily as to ex-

,ius in aspe'.,, ,.,'ci,_ c,n trembling aspen alone. Many of these haust the food supply before caterp!ii._,rs are fully
Oep. Fish. t _ppa:cntly have little impact upon the aspen forest, _rown.

_.:t t}> role of some is not yet understood. Some are

k of poph_:_ '_>'.,(;._[_' deleterious" others may be beneficial. I Cornp!_,te defoliation of the aspens as welt as the75-I 83.
Fhe aspen,: _;'_1 discuss only those that are most frequently on- underst.<>_-v shrubs com_n(>,aiv _,c_:r_ ivy..T::rw. Heavily
rv. Bull. 93, .',_.'ntc._'ed or. that severely damage aspen trees. For deiotiau-d _rees rcfoliate by _):t: _,nc! oi ,J_.ib,'. Tree

"::..'re &'tail, see Graham et aL (1963) and Shoup _ r,',l;{" }:as not h_,e_ -,v[dc_?:va<! [.ocativ. stands

d aspen h_ ",_aft. (1968). may sustain 20- to 80-i)ercent ,,uorta!iv, on poor sites

ocystis tim,. during clrougtit years I)unca:,. and }:{orison 1958,
king aspen DI_FOLIATORS Barter and (.4::tmer{n 1....... G?u"nt ......... but more
5. commonh some branch mortality :,.nd ".:_.'duced dlam-

)f Diplodig "['}_e foliage-feeding insects of aspen belong rnainh- eter growth (,ccur P)atz_'r ;t _:?. 1954. Hitdahi and
' ,' 960. '_ .....ma fume. > the orders Lepidoptera (moths and butterflies) and M'.-ks t kcse !958. l)its and [)av ?_a50_ Growth

_049-I05& Coieoptera (beetles). The m.ost spectacular defoliator _v.av be r{:duced about '2 cords :wr act.-: [tilclah] andmbriata [_
<ff _st)en is the forest tent caterpillar, Ma[acoso,:a Re,.:ks i961). I)uncan and lh_dson _<_"-,"-'.Growth is
J',_;t_ia (H[]bner), This native insect has defoliated si__ificantlv reduced 1 year beyond :!:_. cessation of

:_spen_; and otlwr broadleaved species over areas ;as defoliation, but the tl_ird w'ar :fit.< JefoIiation in

hrsze as I00,000 square miles (Davidson and Prentice _,:ancis }wavily defoliated 3 s_,:c_'s4ve vca';s _z_owth on

!968?. Its esthnated impact on the aspen ecosystem dominants increased. [tv;)oxy::_,_: and .\'cctHa fungt|s
ranks above all forest insects in the north-central infections increased with inte,usiv< ,z defoliation

Uuh:{-d States (Addy et a[. 1971). Outbreak patterns C[_urchiiI et al. 196t-). l)urh',e owtbveaks the large

have been described by Hodson (19-I-1), I li{daht and numbe:rs of caterpilhus and t}:c dvnudcd trees are a

l%eks (1960), and Sippd (1.962). High populations m._isance in resort ;m-as. [:lowever. ::"__- ef[ects of

ar)r>.ar__.... suddenly at approximately 10-year intervals forest tent caterpillar outhrc._ks _,.;_ >or ,qtirelv
foiIowing an increase in annual cyclonic _assa,ws negative. Wtmre there ar_ _md_',,stc,rv ,:<w,_lferssucl_ as _

:\Vellington 1952). These outbreaks normally persist balsam iir. heavv defoliation c,f tiw, c,v<:epping aspen

:o 3 "e_ _', 20-percent increase c.adial <rowth_, r 2 to years, l[owever, heavy infestations have hgts_.su,_d in a

0cctuwed in the same stands for 6 consecutive years of the balsam lir Fr(wlich e'r ,.e.L !955 }

in the International Falls, Minnesota, area (Witter {,_ :
-,';_'s attack theet a[. t972) and for 7 years in Alberta (Sh_:pherd XIore than 40 spv('i(.s of insvct i>a_->,,_.

and Brown 1971 ). Outbreaks may end as abruptly as forest tent caterpithu. One of the flesh,, flies, ogarco-

tll(:y began; decline has been attributed to low hatch _dea._'a aMrichi Parker. is th,., most abundant living
due to frost, starvation of larvae after hatch due t:o ma_ots arc d(:l)osited on cocoons ._,i .bore into the

frozen foliage,. . and freezing., (Prentice 1954,. Btais body of the caterpilh_r prepu_>.,.,.',or >::>.ae.,: ]!_e small
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<! _:.:::rris:{cs such ;_a soecific gravky and form begins in the early spring before bar flush. Quaking

:_al it::: ....._mr:cc. Another approach is to aspen be_ins flowering anywhere from late :March

• - :_:::: rc<uire tess growing space than the through mid-April, ctepenciing on the latitude. Big-

_,: ._:_::v ,xeduced thus. more stems and more tootl: aspen, generally follows about 2 weeks behind

:.. _._,.: ,,. :_red_.:c'ed oer unit area. Breeding for quaking aspen in the same locality, Pollination begins

_:_i :::>cc: Fcsismnce, photosynthetic efficiency, about 2 weeks after the flowering, with seed falI

,.,::::,.::_ ,::,5_onse to intensive silvicultural prac- occurring when the leave:s are fu:h expanded (4. to 5

:<_: , i,::':iiizin_ anti irrigaung are other ap- weeks after pollination'.

:,._ :::_ can be follo\red. In truth, few breeding

_._:::._-,:is: wht_out all of these approaches woven The seects are attached to hairs, facilitating seed
":.':: :ms:< _>!an. 'lhe clifference in choice of dissemination by the wb:cl. The seect s:ze can be

•_,,_:_ h _cnc:'allv a matter of emphasis or pri- likened to coa:se ground pepper, with about 7.500

...... seeds per gram for quaking aspen and about 10.700

seeds per gram for bigt(×)th aspen. Seed germination

-:,, mr of oolvploictv is employed and given is high, but the exacting requirements for r;:ineral

,.::::_:.-_>_sa: I'i_e Institute of Paper Chemistry. soil, adequate light, and moisture zreatlv limit natilral

- .,r, , . regeneration through seeding.: _._:ev.__._d,_vm'm*:ic'aih" controlled characteristics can
}_:,_i:'_cd{_ sore< plants by changing the number

, :::,'4.::osom:: rodlike bociies in :}:e cell nucleus In artificial seed production a cut-branch technique

_:c_.,_main tl:e _enes. :he units of inheritance'_ is gc'nerallv used. In the Lake States the procedure
g,, <,_", _:: aspen, t:u' cell nucleus normally contains can be started after mid-lanuarv for <_uakin<*.__ ,_ aspen,

...... _,_ of I9. i: has been found that aspen with but should not be started before t .:):u.,._ [or bigtooth

<<" -_{':s per ceil triph>ids usually have better aspen. "I'}_e techrfique involves forcim:g flower buds
then is _'a .,",_,:I: and ioneer f_bers. Friptoid quaking aspen on bundles of cut branches i2 m 3 feet long} to

established .v;, _ccu fo.u:d occu:-ring naturally van Buijtenen flower bv putting the branch bases _n:o a vase of ice
ws heavib " _:,?.!957' and tr:plok] ::spen hvbricls have been water. Tim bundk's are kept in tke t_reenhouse at

"_stitute of :>d_,:ced {ibr:son at:el Einstmhr 1967 artificially 65 ° F. with normal light (daylight: The branches

_bIications .<: I are clipped and the ice water ctmnged daily to pre-

C,ommis- wmt vascular ph.iggin_: of the stems, in this condition

Slabaugh <::ckeri_:e ability of the' developed material is an the male flowers sho,dd shed pollen and the female

)ahr and :::oort:_,n: conskb:.T::t[on h: the IPC program. On(: of flowers should become r:'cep_ive in 7 :<> I1 days. The
?_.nthts of aspen is its ability to ,. .nng con- ::> more import'ant _ ," _" - female flower Buds arc generally forcc'd a week later

breeding :_*_!'..'merateand _uociuce a fully stocked stand after than the males to ass:,:re poih,n ava[iabiiitv for recep-
and the a:a'es_ , (i_2, 2 ),{aterials that sucker well shoukl not t_ve [emah.'s. l)uring tlm periods of [x>i!en shed and

her has <_iv gixc adeqt.mtc restocking but s}mukt continually female recel_tivitv each bundle :s kept isolated from

:clent of .:::}_:ovc the s:a::d through natural selection. Th.e all but one l_ollen source.

'::onf<cr, faster !zro_,vitl¢_ clones that are more resistant

:c, meet: and disease problems and better suited to When the _nah' catkins ar__ r{[,. they are collected

::>: site. should do_ninau, the stand more and more and aItowed to dry at room tcmpcratur<' for 24- hours

',::::each harvestand rt'_er:eration, in pi:l_crboxes.After d_vin:zthe :_olicnis extracted .

feeding by st:akin?"tl:e catkin::ov:'ra :{)(;-:,_cshscreen,which :

"eain a holds back tl:c(h'b_:sa::d ;_lk>,,,-s,it;,:_olh'nto [)ass {
e :o or SEED PRODUCTION thro::ei:.The pollen:::put in 7_,c_uto::-s:opperedvial

a ::urn- and storedat 40::_F. _>vercaic{::m ' : :
_::_<_::(,::untilit

:l.()he E,:iefh'.the aslx.::sare dioecious,and have a l-to-I isto be used.When tilepistilsof the fctnah'flowers 0::

'loping <:x rado with d:e ', "{ , , :,, I_i::k.:h'[>cndin:e{)n the species,, :na::sfloweringmorv ,r:tiucntlv are bFivl:t.ared (_
char- _::d::b::ndantivthan the h'mabs..\[):::_r:::::::ti:,ss:a-h the specifiedpollenisaplJbd directly:o :he filament

:/or is ::sbi._'×ug:litv,perfect llowers,and late {lowerin:z will::_ca:_:clhair b,'usi:.Filaments:try:.ai_wkhin a
ra.-or _:::velx'enobserved. [:_the Imkc Stalesthe {k?wcr (]a,:if the ::_::in_aisri,_,.l:t-_>t[:erwisea sc:(>r:dpol-

n:rac- buds apimrentlvare initiav:'din Nlav and June and li:mtion:m:vbe ncc('ss;t:vt u> '2days [ater.Afterthe

<igor, _aredormant th:ou,<h::lOS:of the winter,l*:ox_'nn_ filame:nsImve dri(':l:ai._.flu'}):_ncik"can l:_,washed
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Figure 2.--The suckering ability of quaking aspen is

illustrated in this photo. The material is 8-year-old

suckers from a planting cut back at 5 years. Tke

suckers average 15.5 feet in height, 1.1 inches d.b.h. _}

and 4_230 stems per acre. I

with a water spray and removed from isolation until production is closer to t50 to 300 seeds per catkin ! i

_e_c! is shed. pollinated.

Seed shed begins about 21 days after pollination. All the aspens rnay be artificially crossed using the

During the stmdd[ng each cross is kept isolated from above technique. In ease of handling, the females of

!he otimr shoclding crosses: Seed and cotton are col- the native and exotic species mav be ranked as lol-

l<ted with a vacuum cleaner and the seeds kept tows- P. _remuioides Michx.. P. x canescens Sin., and

refrigerated a 40 ° F. over calcium chloride until the P. tremula I,. with e_Lse" P. alba L. !ess easily; and

_teed is ready to be sown. The seed is cleaned by P. grarMidentata Michx. with great dif_ficultv. It is

tumbling the cotton with air in a glass jar over soil most difficult to iudve when P. alba L. is receptive

screens (Harcter t970). If a _ries of screens is used, because its filaments have a lighter color. It also pro-

the seed can be classified to size in the same operation, duces fewer seecis per catkins pollinated P. grandiden-

_ed production varies between females and type of tara Michx. is more sensitive fhan the other species,

cross. Up to 700 seeds per catkin pollinated have [men takes siightly longer to prc_duce seeci, loses catkins ,i!

produced using this procedure although the average easily, and t_roduces smaller seed.
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_,_,ci:,. :_i:tt !.q:_uti_f_rsbut none have controlled Intraspecific Hybrids
, . ......":.._,_i¢,r_consi_tep, tlv without hurting the

t are. In the [PC program about two-thirds of the aspen

[5) for brcedin_ work concerns intraspecific (within species)
t prior to F/_.,._ F._'::. _ t_ench machine with scaiDers'_ has cross[n,:_ A large portion of these crosses are made to

2 ?_arsis_v_ > ....: :: .d with pc>or results. Aspen plantim(_.:- cvaluate sctectc'd trees as pa.rents. (._.v:_i_.l_t[__g_both

h good _. , }_aw:: become established after 5 years their breeding pe:rfommnce ancl the perfommnce of

e_ghts of Sf_,_. "., -', >ercent stocking. T}:e trees in these their prog<'ny. Good combinations can be repeated,

_.verage_f_% .,: .:. :::,. i>_xsitv and poorly fo_ed due to deer superior individuals within a progeny group can be

ned. _gne eg>_ i:_sect and disease attacks. The trees used and -valuated as parents, and parents with

ires unifo_._......... . _-c.ach a size where cuttin¢ back will proven ability to produce good offspring are used in

is mecba=ka .... . :_.5en::_b[vwell-stocked sticker stand. Fob furthe_ crossing work. either inu_ksp_'cific or inter-

her plantk,_; • ._ --. cultivation" practice can only result specific.
spring t:_{l. ....... :- :.:,mt:ag beine a biological and fiscal dis-

s wejl if c_¢_.... ,......... , _::.,, ,ne,,viv formed sucker stand established

_ffec_ive _, :-" ::e:mrommercial or rninhm_m produc- Of t}u' inu'aspecific crosses the b[etooth aspen are
_'_ar,,e_r. i'he cost of mechanical cultivation at the least in_in'essive. This is pri_narily due to the

:-, "::> hiu_,_' to be profitable however, with difficulty of establishint_-, the material in plantings

tied in _ ............._...........:_.,,;,_ successful ways such as spacing adjust- ti_. 3 I_,_"<.wprc/er sandier soils and have slow early

......._:: : " :for)ping can be found to reduce the growth. 2 (eet pe_ year for the better materials under

"'_ :.,:_:_.5onabie,cx ..I..s.On light soils dee_>p!anting a<×xt culi:ivation. No crosses of Mgtooth aspen have
,::,'_ ,_ vo I'2 inches above the rc_t collar has ve_ }__cn iound that can be recomrnended for planting.

;_,_:t:.,< in ::o actvcrse establishment effects anct in dry

_:,;::a_, _.:_:,._tcd survival anti growth.
Quakin_ aspen crosses prefer fresher, richer soils of

">>_n [.):2nti[rlgs have been made in clearcut nor- meciium texture arm respond well ro cultivation, the

::,rn _aruwood stancis. Growth of the aspen in these better materials growing 3 to 3_/2 feet per year. _:v-

:.,_ ....._'..::_-_,bserved. during the first 5 years, to be erM pr<>mr:dng quaking aspca crosses have been de-

iaer/ng the .....:>"r _hg_n u_cultiv&ted asi>en ptanteci in plowed ve!opecl. While the progeny of these crosa.'s do not

4-year-old :i,,'!ds b_:_ onsiderabtv poorer than well-cultivated have the growth rate of the best in_ers_:)ecific hybrids,
d are seg,- %2ca [):an:ations. Aspen also grew better than the they offer somewlmt more uniform ,zrowth and es-

" x p. ,_ i::_;dw¢,od ......,,'".er_eration on the cutover area. When tablishment, have better suckeriw,_ ability than any

_t are 28 in ateas that developed into aspen sucker of the mau:riats tested, arM. lx:ing native, offer more

tke fore- stands. _he >lantcd aspen tended to be codorninant oredictable est.irnates of risk d_,e to cla_=xa_e bv insects.
¢_/areted ',r s:._)r_r_._.<:i, ci_pending on the avai]able _Tov,'in_ disease, or other factors. ".Fhc i_otential available using

tke diffi- %_.cc This ',,.as bctt<r growtn than anticipated under cluakir_ aspen intraspecific crosses has i)een under- l
me_e cor-,._::irh)ns, as planted aspen have a much lower sokl consiclerable _ains can be made usb_ improvect

20o<{reserve and icSS FOOt system avaiIaMe than suck- materials of this kind. i i- {
"."g ._zro>;ir>zop_ the rc_yt st'sterns of harvesteci mature

u'ees. The critical factors for establishment of aspen
• Several exotic intraspeciflc crosses have been made.

o_,_c_her o.(i fi_'icls or c:iearcut areas are pressu;cs of ,,
primarily to broaden the base of breeding s_r×'k avail- "

cleer _rov._u._: arx.i herbaceous competition, able locm_v. None of the exotic soccies are conskiered
} " _;

a

as possibD answers for improved pro,zenv groups,

PROMISING MATERIALS althoueh certain individtmls may rau:_ consideration

for clonat propagation. P. alba [,. is too p_u:_rly !
It is ifend.it that pcopte tend to obiect to interrac:iai iormcd being generally branch_ wnh crooked boles.

marria_es_ o_ their own kinci but Ze_._nc'railythink of P. x ca_c_ccn_. Sin. is too variable, t_crhaps d_e to its
_nterspecinc hybridization as a method to prc_tuce _,upposvd origin _m at natural interspeciflc hybrid. P. !

tt_e mc, s_ :nu)rovemcnt in plant or anirnai bree,,:tine, re_.'rnu/a [.. _enerallv tins sl_own h.'s,_ viaor =iron the

"I'he truth is _hat discre, ion is needed in either sit_._- nadv(, (_vxaking aspen and is not considered desirable _!
ation, for this reason.

!i:i





hile bra_% ? :_:,.,(/,/_h'_,.t(_t_,x P. × ca_wscerzs Sin. is an inter- and by the sixth year 63 percent of the trees survived
' _ ' and were sttanted. [-[ypoxylor_ cankers were observed:nerally_ ,_, ::,..>za,.. not as ,.,cti known :as _kflba x big-

to the g_ :h_t has <<cepth)nal promise (fig. 3). Forty- on some of the survivors. This cross was not repeated
:en made E <c_,,_,_sc,f ti_is type trove been made in the [PC so it cannot be said whettmr this was typical behavior.
: obvio_ ft :.:::,, ,.r:,:i 33 s_ {v esshally outpiantect, This material Fcmr.. crossc.s tmvc bccn made on cluakinf_., aspen with

as noted _ .:,::; l_ettcr fomn thnn the "'alba x )_,tootn hv- poibn from P. dag:idia,za ])ode. Two of the crosses
_ting-s., S_a_ .:::d >re.ms to bare similar vigor. Trees growing resulted in superior outplantim;s and two l'aiIed as
{n the I_ ,.:-, ...._nciv soils have reached 28 feet in 4 years, o_ltpkmtings. The failures were due to sebctive in-

enough _ gv,.e:,::_z :_biiitv is stiiI unknown, b_it it is expected festation by A,z,rihe., tzo,wii. In this cast:.' it can be

anker, Hy_ ,e, ..... :.::_i]av to that of the "alba x biztooth,.:_." No assumed the particular parent combination was a
y o_:_rv_ {:::--:,<tor disease problems have been observed factor. The two successful crosses were outp]anteci
)rowse tb_ _:,_:i., :::atcria[ as vet. on more than one site and have shown impressive

s. Another. field performance .......impressive enough to encourage

nt cutt/ng_ <.rv:c interspecif]c crosses have been made between tl_eir future use anct to investigate this cross more

;5 percent _._,-,,_b :'.s0en and some Asiatic aspen. In the cz_se of thoroughly

"!....... -<,i_;nation with P. sieboMii Miq., the crosses

_,,..:::.'..'._pzoduce se<ds successfully. Crosses for this One triptoid hybrid, P. tremuloides Michx. x P.

_, _,._hybrid were c:)nly made in one sensor and tremMa L., 4.n, has been ve O' successful (fig. I).

e..ave,_aot been repeated since, so it has not been well The material orows simiha_iv to <,ua!,:ing aspen

_e,:,,d. Three crosses with P. dacidia_za Dode were through tt_e first few years and then proceeds at a

'<_d,-:_,r_dtwo were successful and outplanted. While faster rate, producing taller, more robust trees. The

:.><,"c_o_ses grew wet1, one exhibited an extreme material has shown specific gravities and fiber lengths
t Einspahr_,,,'<<>l:ibiiitv to hypoxylon canker. The above-men- greater than ti_ose of native quaking aspen <

::<:-d Asiatic aspen are supposedly linked to Euro- e'z aL 1968). it also }ms excellent suckering ability,

>':m ::,:ernbli,ng aspen, P. trem_z_a L. perhaps better than quaking aspen. Tests are pres-
ently under w:w to disdnguisl, the gains due to t:rip-

Quaking Aspen lnterspecific Hybrids loktv from those due to interspecific hybridizations.

<",>rat interspecific hybrids using quaking aspen Twenty-five crosses between P. trcr, z,Moidcs Michx.

_._o:;,_?of the parents have been produced. They gen- and P. x canc.scc_zs Sin, have been made with 17 s_c-

• -:, grow best on sites similar to those utilized best ccssfully outplanted. "['his material is characterized
,,_..,a>,_ngaspen. P, _rev.zu_oidex Michx. P. tre_nzda bv high vi,_o," ability to ._row on several siu's, a_d

.... :s <;p,e combination that has clone well {n Europe some drougl_t resistauce, tbcause most of the o_t-

_r_urraa.dona] Poplar Corrmdssion: FAO Interne> plantings c)f this material arc y()tmg, characuq"istics "

::c,nal 1958),. Canada ;Z_._ia"-" 1969), and in IPC plant- of hu'ger trees are not certain. It is ,,!:,LDPcteds_ these

<a:s."Iifis mate£at grows slightly faster and is more materials wilt tend towarct branchiness and t_oor
%>_t than quaking aspen growing on the same site. bob, for'm.

'he suckering abilky and wood quality of these

>a:edals is not well tested under the IPC prograrn Quaking aspen has also been cmss_"d with P. a/ba

'% but there is evidence that both qualities are at [.... but this cross, whib vigorous, is gencr:dIy conskt-

_.)_tas good as in the native quaking zcspen, c_'cd poorer titan tlw "'alba x bigtooth'" becat_se of its

greater branchincss and t)oorer bob' form.

Crosses of P. tremu[oides %:Iichx. with the two "l']_e above-nmntioned aspen hv.|)__¢_"evaluations are

hh_t;c aspen !rove bec.n made and testcci. Pollen t0ri_narily c,mfined to IP(; phmtinf<_s. A n_mbcr of

:)ore p. :,ieboMii XEq. was imported and used with ot!_t.'r types o( c_osst's ..........those vcitl_ tt_ree spccbs com-

:-,a<n_-g aspen. Good results were obtained in the }fin_'d, back cross_s, and crosses witt_ spt,cies in other
;feeding work and nursery pr_×luct{on ,.,vid_ this /b_/_uhz._-sections not as closely feinted to the" aspen .....

:ross, but the fbld ptan_ings were poor. The initial lmvc been _a&, but are Z('neralty not cxcc'l_tional in

!ro,,rth and survival was gcx)d, })tat by the end of the viv,or or f<wu_. As more of these typ<'s of crosses are

_econd season the material began to show an extreme tried, betu'r results _nav bc obtained. It si_ould also

{'_sceptibiliy to A2ri[us kornii, a rc-x_t-boring Agrii_s, be restated that for t_e previously montioncd mgpen
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PESTICIDE PRECAIFFIONARY STATEMENT

Pesticides used improperly can be injurious to man, animals, and plants. Follow the directions

and heed all precautions on the labels.

j Store pesticides in original contain,.rs under lock and k('y-_._out of the reach _f children

and animals ...... and away from food and feed.

Apply pesticides so that they do n(,t cndanver humans, livestock, crops, I_cneficiai insects,

fish, and wildlife. Do not apply pesticides wba.n thvrv is danw'r of drift, whvn he,nov bvvs or

. other pollinating insects arc visitin_ plants, or in ways thnt :may contaminatv water _)r lcaw"
illegal residues.

Avoid prolonged inhalation of pesticide sprays nr dusts: wear prott'ctivc clothing and

cquiprnent if specified on the container.

If your hands become contaminated with a p_'sticid_', do not (.at or drink until you have

washed. In case a pesticide is swallc,w_.d or _vts in tb,_, _,?'vs, foll_w the. first aid tr_atrnent

given on the label, and get prompt _.,_cdical att_,ntion. If a pt'sticidc is spiltcd (m vcour skin

or clothing, remove clothin_ immediately and wash skin thoroughly.

Do not clean spray equipment or dump exc_'ss spray material nc_r ponds, streams, c,r xwqls.

Because it is difficult to remove all tract.s o[ herbicides from equipment, d_ not us(' the sarnc

equipment for insecticides or funMcidcs that you use for herbicides.

Dispose of empty pesticide contaim.rs pr'omptiy, tfavc them burh.d t_t a se_nit:_rv 1and-fill

dump, or crush and bury them in a level, isolatcd place.

NOTE: Some States have restrictions on the use of certain pvsticidcs. (:ht.ck your State arm

local regulations. Also, }_ccause registrations of p(.sticidcs arc under constant rcvi_.w by th(" .:.
U.S. Department of Agriculture, consult your county agricultural agent or State Extension

specialist to be sure the intended use is still registered.
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SIMULATION OF GROWTH:

A New Approach to Yield Forecasting

I. E. Betla. Research Scientist

Northern Forest RLscarct_ C'cntrG Edmonton, Alberta, Canada

ABSTRA(7I'. -- For increased ei_iciencv in timber /rowing. the forest manager
needs to be able to forecast tl_t' c,'.:_c,_me (_f alternative silvict_Itural strategies and
select the optimum one for an,," _ix-,P. set of manaemnent objectives. There are rnanv
pc,te'ntial stand condition and _r<,t:_._.nt co_,._binatio_>. A ,_,cueral and fie×ibis- ap-
proach is outlined for yield forecasr.in_ that could eventually provide the needed
answers. This "stand mod,,,i'" siii_,,:i:,,tes t)_-riodic hcieht and d.b.h, incren_c'nt of
ev{,rv tree on a sample plot. from <arting as{' to tmrvest, and calculates stand char- ]

:_czeristics siI_tply by summing- trvv data for a _Init :_rea. ,q,orne potential tlses of the _{
n_odel in aspen management are giv:,n and development work in progress is outlined. :l

i'

} The usuai way of forecasting ,,4-rowtt,_and vie:d of NEEDED: A FLEXIBLE METHOD, '

! forvst stands is from yield tables or functions.
Smoothed tr,,.nds of yield for a given species ex- A SIMULATION MODEL

i I)re_sed in terms of age, site index and p_ssibly basalarea density and average d.b.h. ..... are based on s:anct Although turttmr improvernent_ are possible in the
! data from sa,nple plot i_mastlrcm(!'nts. 5<chlae_q's yield table method of forecasting, one cannot over-

19713 yivld ta}_!es for :_sl_cn is (me exa_:lple, come the main limitation of the method: its use is
; restricted to the specific cemdition_ of the data base,

These _nethods <,f forecasting fo>'st yield have }wen beyond which extrapolations are fraueht with danger.

widely accept_'d and t_sect bv forest manae-ers. C_r- This limitation of vMd tables arises froIn their reli-

! rent rapid advances in _atilization and increasin_ de- ante solely on stand parameters. The use of stand

man(1 for wood fibre will requite intensiiication of averages in tl_is way tends to conceal causal relatim_s

bwesny t_ractic,,s as well as imt)rovt, nwn> in rp.an- that might, provide the basis for major improvements
a Remeut plarmi_,_, and analysis. For tt_e latter, i_ ',,,ill in forecasting nwthods. Processes of stand orowth and }

be necessary tc_ forecast yield for a numt_er _ff a'.ter- deveMpment sl_ould be studied and evaluated on an
native .tanc_' conditions and treatments anc_' to select individual tree basis, because that is the seat of such

_t_e opti_t,,,,n combinati(m for a st'*, _t" r.',t:tnau,'mcnt processes" wl_ereas stand _,:rowth and vieM may simply

ohjectiv{,s, be k×_ked at as tt_e sum of individual tree perform- "':

antes on a unit area. .
Yic'kl tab]_,s :_te not suited for this purp,_e be,'?._:se i;

*heir _s,' in pr_'diction is li_ited to stand cemditi_ms Atthou_h much tree erowth in(ormation Ires been

similar _o _:(,_o of the _ng_nal sa_upte. A mor_' _:cn- collccted in ttw past. tlmre was no technique to svn- _*',

,'rat apl)roach in n{'edcd to predict vivld. Its main thesize the data into models that would provide
_,bjectivt, siaould })e to _nake lono-term forecast_ for meaningful estimates of stand e-rowth and vMd. i
treatmm_t conxparisons rattler" than _just to provide ..

si_ort-t_.rm predictions for specific, undisturbed stands. The advent of large, higl>speed computers made
{
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the development of these simulation models possible. Using height increment in this way is particularly t
The computer has three main functions: (1) it pro- suitable for simulating aspen growth, because aspen
vides a structural frame-work--in form of a stored is an intolerant species that readily expresses dora-

program for the forest system, including the descrip- inance even in dense stands. Results available from a

tions of all the important interactions that affect tree number of aspen growth (reviewed by Bella) 1 show )
growth and mortality; (2) it stores relevant infor- that height growth of the largest trees is quite stable
mation on every tree (e.g., height, diameter, spatial and is not affected by competition. Thus height

! coordinates); and (3) it evaluates (computes) in growth of these trees in a stand can be predicted _.
quantitative terms the effects of all the requisite accurately. The height-growth regression necessary for .,
interactions, simulation can usually be derived from site index

curves.

To build a stand growth model, one begins with
the identification of the most important components The same kind of relation seems to hold for diam- r
of tree growth. These components in the aspen model eter growth of the largest trees in vigorous young
are: aspen stands, at least up to 15 years of age (Sorensen _.

1968). These relations have to be defined in stand 3

Soil and climate (expressed by height growth of growth simulations as they indicate limits of competi-
dominants), tion effects on tree growth.

Species characteristics (tolerance, growth habits, The model generates potential height increment for t
clonal characteristics), each individual tree during a simulation run. These

Age. increment values include, in addition to the mean :
Intertree competition (stocking, stand density, and trend value for a given clone and period, a certain

structure), amount of random variation. Potential height incre-
ment is reduced according to each tree's competitive

Next, all the components require quantitative des- position, or index. Evaluating this index of competi- ition is the most crucial part of the model. Background
cription. Because of the complexity of the forest sys-
tem, and our limited knowledge of it, simplifications work for this is presented by Bella (1971).

are usually necessary to describe the relationships. Potential diameter increment is estimated from po-
The more important of these simplifications are called >
assumptions. They should be stated clearly in a model tential height increment using an appropriate regres- l

sion derived from open-growing aspen tree data. This
and their limitations recognized. Increasing the num- t

her of assumptions usuallv weakens the model, potential increment is reduced according to the tree's
" competitive status using a numerically derived rela- l

These components then have to be reassembled tionship.

(i.e., interfaced) and translated into a suitable corn- One of the most difficult problems in forecasting .

puter language. Flow charts are useful to help visu- growth and yield of forest stands is the meaningful
alize interrelations (fig. 1). A stand model can be prediction of mortality. Mortality both from suppres-
developed to practically any degree of refinement, sion and fi'om other causes, can be handled readily in
depending on the degree of complexity of the stand the model. Basic data for"model building can be ob-

and the availability of basic data, time, and money, tained from permanent sample plot records that in- :
In the aspen model, for example, clonal structure of elude a frequency distribution of dead trees by size

the stand may be included directly by assigning a and final increment classes at different ages. Criterion 1
clone identification number to each tree. In this of death in the model is defined so that simulated

model, however, clonal effects are considered only in results of mortality distributions of dead trees con- ;
terms of tree-growth differences, form to what is found in actual stands. In the aspen

model, suppression mortality is assumed to be directly i:

A STAND GROWTH MODEL
t Bella, Imre E. _girnulation o[ ._rowth, yield and

Simulation of aspen stand growth in this model is mana¢,ement of aspen. Univ. Br. CoL, Fac. For., Un-

based on height-growth trends of dominant trees, published Ph.D. Dissert. 190 p. t970.
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related to the trees' competitive status and inversely of random components, and the incorp()ration of dif-

to c11rrent increment- including a certain amount f('rcnt assumptions tt_r'()ugtl ,norM ((_Hti(ients. One

of random variation..Simply, trees most likely to die of the better ways of validation is to compare actual

are tl_e on('s with higtl competition index and slow yield froln a permanent s:_mi)ie plot with simulated
growtt_, yield of the t_ypothetical stand. Initial stand ccmdi-

tions would have to be identical. Appropriate yield

It was relaiiv(,lv easy to work out in the aspen table statistics also provide some us(.t/ul comparisons.
_nodet how to simulate tree growtt_ at the two ex-

trenws of tim competition spectrum' i.('., for tllc larg- klttlough vMcl tables are usually tested fox" condi-

est dominants and for the small, suppressed trees, tions in which they are to be used, a similar test of

"l'la_ difficult part was the sim_,lation of tree growth tlw model would neither be practical not" necessary.
bct,,'a._'n the vxtre,n_,s. Nou_e of tt_(" r(,lationshit)s t_e('ause a si_ntdation model is realistic, it may be con- f:
}_etwc('n t_(,e growth and competition were derivecl sid('red sufficient to validate it with only certain
ntlm('ricattv. "l'hat is, algebraic expressions were benchmark values.
devvh,ped by trial arm error try conforrn to current

knoxvl('d_;_e of co,ili_ctition ('ff('cts. The aspen model has be('n tried for simulating the l
growth of aspen only in undisturbed, natural stands

TESTING THE MODEL of average, or below average density. For greater ease r
of calibration, the' trees in the hypothetical stanct were

Each con_pouent i_ anatvzcd and tested during asst,med to beton_ to tlm same clone After the vari-

nlodel bt,ildinF, usin,,g ext)erimental data as much as ous moth.1 coefficients were refined, simulatcd stand

possibh'. Standard statistical tccltni(.lues , however, are statistics table 1') show('cl good similarity with com-

not suitabh, to valMa.te the complete model b('cause parable permanent sa_lple plot data or with appro- [
oi its -loose nature' dtte to tile interfacin,_ presence priate Hold table valucs Cfig. 9!

Table 1.- .....Summarh'._ [or ___ro_cth.;i,nuIatfon of a._/;cn staled for aboce-a_:erage site
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POSSIBLEUSESOF THE MODEL IN probably uilt differ in aspen sucker stands from yields

MANAGEMENT in stands originating after wildfires. Most of the aspen
growth data now available are from stands of the lat-

A most obvious operational use of this model is ter kind, although tile manager also needs to forecast

that of ave W general and flexible yield table. De- yield for cutover areas.

tailed size data are available on every tree during a
simulation run, thus stand table information can The effect of various density control treatments,

readily be printed. Stem volume estimates can be their drning and intensity, on subsequent growth and

t)roviclect in any ctesired standard, and to specified yield may be evaluated bv simulation. The feasibility

limits of Inerchantabilitv. Similar estimates may be of new treatment technktues coulct be stuclied and

obtained for tree weight. Most of tile tree volume and answers provided without having to wait docactes for

weight equations are already available from earlier experiments to mature. A probh'm that deserves at-
studies, and new ones can easily be derived, tention is the evaluation of the effect of mechanical

strip thinning on growth and yield in young aspen

While earlier methods of growth and yield predic- stands. Recent operational trials in young pine stands

tions are not suited to extrapolation, an important use in Manitoba showed this kind of thinnine to be an

of this model would be to forecast yield for stand effective ,in terms of growth response and lack of

conditions on which no historical data exists. For serious damage due to treatment' and inexpensive i i
_:xample, stand development and yield after logging method of density control.

,.
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I //
If selection thinning is contemplated in aspen increment of the largest trees gave rise to higher

stands, the rnodel may be used to evaluate tile in- stand voI_une yield .............a rather unexp(:ctcd situation.

crease in yield by favoring trees in a fast-growing Apparently, greater uniformity in tree sizes and the

ckme and cutting trees from poorer ones. Information lack of less efficient "wolf" trees, resulted in a reduc-

on differences in tree growth from clonal effects could tion of competition effects among medium size trees

be taken from various clone studies, or the range in and an increase, in their growth.

tree growth estimated from even limited data. Using

the model, this tree growth information coulcl ttmn be Current work is being concentrated on further test-

translated into stand growth and yield statistics, ing and relining the intertree competition submodel.

Similar use could be made of tree growth informa- The effect of age and site on tree growth-competition

tion from tree breeding studies, relations has to be studied at different stand densities.

Long-term permanent sample plot data with tree

As demands for wooct fibre increase, forest fertiliza- maps ..... from establishment to maturity-- are needed

tion becomes a more practical method of increasing for aspen and also for other species. In this way,

yield, information will be needed on growth respon- effects that are species-dependent can be evaluated, a
ses over a range of site and stand ctensitv conditions prerequisite for a better understanding of intertree

to carry out effective fertilization programs. Some competition and for its generalized description. These

basic information on tree growth and stand growth studies form the basis for expanding the scope of

responses frorn pilot fertilizer trials will be required thes(' models, perhaps to include the simulation of

to establish sorne reference points or benchmarks, growth of rnixed stands. A._pen _t:_
Tt2en yieM predictions for a range of treatments could :,. _,_scntiai!

be made with the rnodel. R.esearch is needed to find out how crowding and !i_int_i_s.

competition in very young stands affect tree growth i'._,zon t}_,'
The model would also help to evaluate the relative m later years. There is sorne evidence to suggest that _, 5_est m:,,:

irnportance of certain components and factors affect- the growth of the biggest trees (both in height and '_, t_in_e_

,. X, IO0 "_mg tree and stand growth. This is clone bv manipu- d.b.h.) in young, "g ,ous stands is not affected by _ ,.i_lncd ° t

lating parameters and coefficients in the model and competition (Sorensen 1968). We need to know, over t'_ answc'

observing the effect of these changes on growth and a practical range of stand density levels, to what age :_,.st bc t_::_

yield through simulation. This "sensitivity analysis" and under what site conditions this relation may :)<,siti<m. \i,.

provides useful information for planning silvicultural apply. We need to know how smaller trees in the

treatments, becat_se it enables tlm manager to con- stand are affected, ,met about their future develop-

centrate his effort on responsive factors. For" instance, inent. Most studies show, in stands over t5-20 years

if tree growth was found to be highly dependent on of age, that if aspen grows under dense stand condi- _ _itc indc }

competitive status and relative tree size hut not very tions over a prolonged period of time, the trees lose v)__dt_cti\i_', )_
dependent on spatial distribution of the trees, then their ability to take full advantage of a sudden in- :,:_tiot_st_ip

! i_t-aspctl ',thinning should conc('ntrate on favoring the most crease in available growing space. ,/
vigoro_s trees, without much concern about creating "l'l_is kind of information is necessary to strengthen ! ':a_dh,ss _,f

some irregularity in stem distribution, the aspen model. _'igllt-grox_
_l_,.,cics tt_at {:

WORK IN PROGRESS LITERATURE CITED !:,(;:_, l_,,ck

Although simulatior_ runs with the aspen model _!_,n bttt

showed promise, tlwy also indicated the need for B(.lla,tr,,,.s.I.For.F'"1971.Sci.17:Am'w3_;4.372.compctitionmo(,h'l for individual _!t,\_,loi_cd.

filet}lee rctinem('nt and testing before the approach Schlwvcl, Bryce F,. 1{t71. Growth and yield _,f quaking
could I)e put to full practical use :is a nlanagement aspen in north-central Minnesota. USDA For. Serv., £oiI f:wt

tool. In the interim, the model should facilitate ira- Rcs. l'ap. NC-58. It p. North Cent. For. Exp. Stn., St. _s[)c("t, slol

prov('_ent in understanding tree and stand growth Paul, Minn. <h,f:)tl_.to _,
relations. For example, experimental simulation runs Sorcns(.n, R_mald W. t968. Size ()f aspen crop trees littleatfcctcd })y initial sucker (h.nsity. USI)A For. Scrv., Rcs, ?
with tl_e asp(:'n model slmwed tlmt in dense, fully Note NC-51, 4 p. North Ccnt. For. Exp. Stn., St. Paul, Xl_nv ott_c {_
stocked stands, artiticial lowering of the diameter Mi,m. _',r()wt]_. :\y

i_istorv _na'
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in two age classes" sprouts and seedlin_ 10 years At what age and to what density should the thin.

old, and older trees ranging from 20 to 40 feet tall ning be done? Fifteen years after weeding treatments

that had been unmerchantable when the previous in a l-year-old sucker stand in Minnesota that left

stand was cut. densities ranging from 260 to t,300 stems per acre,
the average diameters of the 200 and 400 largest trees

After 19 years the control area had considerably were similar (Sorensen 1968). After 20 years, largest

less aspen volume and basal area than either the volume and highest quality trees were on the un.

thinned area or the cleaned area !itable 1). The thinned control. Natural pruning was less effective

cleaned area had the highest basal area and volume, on the tow density plots, resulting in extreme branchi-

The volume o1["merchantable trees 3.6 inches d.b.h, ness and poor bole quality. _I]_us, reducing the stand

and larger) was similar on the two treated areas, density at 1 year of age does not seem advisable.

However, the average merchantable volume per tree
was 32 percent greater on the area that was thinned. Although reducing stand density in the first year I

iThinning also produced approximately twice as many of the rotation is not recommended, thinning may be

trees 8 inches d.b.h, and larger, which are potential desirable early in the rotation. It should be delayed

veneer trees, until the trees are large enough so that potential !
crop trees can be selected with a high degree of con-

This illustrates the importance of hardwood re- fidence. A thinning study in a 20-year-old stand I

moral early in the rotation. Both cieaning and thin- tested square spacing treatments of 10, 15, and 20 _

ning increased merchantable volume of aspen by feet, and an unthinned control. At age 50 years, 30
about 30 percent at age 29, and thinning concen- vears after thinning, the i0-foot spacing and the con- :

trated the volume growth on selected aspen trees, trol area were essentially equal in total volume (table {
2). However, all thinned treatments had more trees _

THINNING EFFECTS 10 inches d.b.h, and larger than dm control, with the

15-foot spacing having the most.

Thinning aspen stands stimulates tree growth, in-
: creases the total yield of merchantable material, and Because thinning costs money, a more practical

increases the net value of the products harvested approach may be to postpone the first thinning until

during the rotation. In general, aspen stands of a it will yield some merchantable volume. One suc-

given age on a given site will produce the same vol- cessful procedure is to make a moderate crown thin-

ume for a fairly wide range of stand densities. Thus, ning at age 30 leaving about 273 crop trees per acre.

thinning merely puts the growth on fewer selected In Minnesota, such a thinning yielded nearly 15 cords

trees, per acre. After 32 years, cordwood and saw-log

Table 1. Stand density and volume 19 years after

_ remo:'al of undesirable hardwo.ods and 6recom-

inertial thinning in lO-year-old aspen

: : Hardwood ,

.'tern . Aspen nhinning and : removal No
hardwood removal cul:t i:_4

. : _nl- X .- I
Basal area sq. ft./acre) "

A! l aspen 90 [04 76 ]

Aspen>-7.v in d.b,h, 36 18 20 1

Number of trees/acre

All aspen 419 676 438

Aspen_7.6 in d.b,h, 95 47 53 I
Vo I ume / acre !

Cubic ,_o,e" : / 2,240 2,600 I ,820 ]
, , v/ 25. _) 27.8 1_a. ; }t.,o rGs _--

Cordz-_ / 8.5 4.3 _. ?

J

1/ 7__--1 inside bark cubic-foot volume of all aspen ),6 inches

d.b,h, and larger,
21 -...... e bark- a..a._ volume to a 3-inch _op o£ all aspen 3. z Lncnes

d,b,h, and larger,

-3-/ Inside bark volume to a 3-inch cop o£ all aspen 7.6 inches
d.b,h, and larger.

II0



volumes were similar in the thinned stand and in the precommercial thinning, age 10 to 15 years, would

control; but actual volume growth was 32 percent be to leave from 750 to 900 trees per acre and remove
mo:'e and total cordwood production was 16 percent all undesirable hardwoods. Thinning at age 20 should

higher in the thinned stand. Such thinnings must leave from 200 to 400 trees per acre, depending on !_tt
k.ave enough trees so that the crowns close within a the final product desired; 200 trees per acre will
fai:ty short time, reducing the invasion of brush and produce more veneer volume while 400 trees per acre
other tree species in the understory, will produce more pulpwood volume. At age 30 years,

a crown thinning to about 275 trees per acre results
Table 2.--Stand density and volume 30 ),ears after in more pulpwood and veneer production than no

thinning in 20-year-old aspen treatment.

: S_%_a g (feet)

:_o_ : l:,_ _5_: :5 .__Q__0 : Co_ro__ GROWTH AND YIELD i;

:::::_a[ area esq. ft./acre)

:.,it.aspen 99 79 _9 t00 The evaluation of thinning must be based on ex-,',:_pen_9.6 in, d.b.h. 47 65 54 35

':_+_ °f_ .... p...... pected growth responses and how they will affect,ll Aspen 238 134 80 266

_,,penZ9,6 in. d.b.h. 77 91 68 56 the final yield. Recently data from several studies i;
,',;'_'_,'a.e per acre i);ubic feet:_/ 2,880 2,225 1.,660 2,940 were analyzed and growth and yield tables were pre-
::..... _/ 26.6 20.8 15.4 26.5 ; IiI')
&:rdsQ./ 17.4 22.8 19.1, 14.7 parcel for thinned aspen stands (Schlaeget 1971).

.............3_'.'7Total inside bark vol .... f a11 aspen 0.6 inches d.b.h. {:;Ii,atanner. Total cubic-foot yield (Y) can be estimated from2_/ Inside bark volume of all aspen 3.6 inches d.b.h, and

:_g_r to a >:_ch _op. stand basal area (B) and average stand height (H)"
,_/ Inside bark volume of all aspen 9.6 inches d.b.h, and

l
_r_;er _oa S-_c_ _op. (1) Y = 0.41898 (BH)

Merchantable cubic-foot stand volumes to a 3-inch ;i

Thinning in stands nearing rotation age is not top (V3) and a 5-inch top (V5) can be estimated
recommended. A thinning in a 37-ye_--old stand did from total cubic-foot yield (Y) and average stand i

not increase either total volume production or the diameter (D)" i
number of veneer-sized trees after 10 years (Schlaegel :i
and Ringold 1971). (2) V3 = Y [0.9858-5.4737 (0.4876) D]

(3) V5 = Y [0.9804-12.3277 (0.57) D] !

Merchantable volume production will be greatest i
under intensive management, which means precom- They can then be converted to merchantable cords i

mercial thinning and cleaning followed by several pet" acre (table 3). However, to estimate future yields, i
intermediate cuts. This was demonstrated in a series the future values of the stand basal area, average

of treatments established in a young aspen stand in stand height, and average stand diameter must be
Minnesota. After initially thinning at age 13 to den- predicted, t

sities of 4-00 to 1,700 stems per acre, intermediate !
cuts were made at ages 23, 28, and 33 years. Stocking Net periodic annual basal-area growth (BAG) is
densities between 550 and 975 trees per acre resulted essentially constant for a broad range of sites and has '

in 51 percent more total net aspen production--- relatively little change with basal area densities, but
standing merchantable volume plus thinning volumes decreases rather rapidly with increasing age (table 4). i_

than the control at 48 years of age. Only 48 veneer Basal-area growth can be estimated from the table .!i!
trees 10 inches d.b.l:, and larger per acre were found and added to the present basal area to obtain an esti- !mate of flmu'e basal area. _ i
on the control, compared with 132 veneer trees per i':
acre on the intensively thinned plots, an increase of
175 percent. Estimates of future stand height can be obtained ,

from a set of site-index curves. Using the estimates . i_

Thus merchantable aspen production can be in- of future stand basal area and height, future total i

creased by early stanct cleaning and liberation cutting, stand volunm can be estimated from Equation 1. !i
precommercial thinning, commercial thinning at age

30 years, and combinations of precommercial thinning : Additional information on [)rojectin_ stand i
with interme_tiate cutting. R.ecommendations for a basal ar_;a is L6ven in Schlae,wl (1971). !

: ii
111 17 !
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Table 3. Aspen yield by site, age, and stand density

SITE INDEX 90

I : : Merchantable cords (to 3-inch and 5-inch top diameter) per

: acre when basal area density is--
Age : Hr. : 40 : 60-- .7--- 8--O------ -T_ : _ 120 : 140

ars) : (feet) :3-i_ :Sfin. :3-in]_. :3--_n_n] :Tf-i_._. :3-_n]_-in. 3_-in.:51in
2120 58 9 0 12 0 13 0 ii 0

I__30 74 15 I0 21 12 27 10 31 4 33 0 29 0
83 17 15 26 22 34 26 41 28 47 25 52 15

50 90 19 18 28 26 38 34 46 41 54 44 62 43

60 94 20 19 30 29 39 38 49 47 59 54 68 59

SITE INDEX 80 I

20 52 8 0 ii 0 ii O 10 O 1

30 66 13 9 19 Ii 24 9 28 4 29 O 25 0

40 74 15 14 23 [9 30 23 37 25 42 22 46 13

25 23 33 31 41 36 48 39 55 38 150 80 17 16

60 84 18 17 26 26 35 34 44 41 52 48 61 52 _I

SITE INDEX 70

20 46 7 0 10 0 I0 0 8 0

30 57 ii 8 17 10 21 8 24 3 25 0 22 0 1

40 65 13 12 20 17 26 20 32 21 37 19 41 12

50 70 15 14 22 21 29 27 36 32 42 34 48 33
60 73 15 15 23 23 31 30 38 36 46 42 53 46

Table 4. Net periodic annual basal area growth by LITERATURE CITED

age and stand density

: Beck, Donald E. 1971. Polymorphic site index curves for
l Total : Basal area (in square feet per acre) white pine in the southern Appalachians. USDA For.
stand age : : : : : : :

_ (years) : 20 . 40 60 80 100 12o 14o Serv. Res. Pap. SE-80, 8 p. Southeast. For. Exp. Stn.,
20 2,39 3,40 3.89 4.03 3.92 3,62 3.14 Asheville, N. C.

25 1.92 2.72 3.11 3.23 3.06. 2.89 2.51 Schlaegel, Bryce E. 1971. Growth and yield of quaking

l 30 1.60 2.27 2.59 2.69 2.62 2.41 2.09 aspen in north-central Minnesota. USDA For. Serv. Res.
I 35 1.37 1.94 2.22 2.30 2.24 2.07 1.79

40 1.20 1.70 1.94 2.02 1.96 1.81 1.57 Pap. NC-58, 11 p. illus. North Cent. For. Exp. Stn., St.
6.5 1.06 1.51 1.73 1.79 1.74 1.61 1,40 Paul, Minn.
50 .96 1.36 1.56 1.61 1.57 1.45 1.26

55 .87 1.24 1.41 1.47 1.43 1.32 1.14 Schlaegel, Bryce E., and Stanley B. Ringold. 1971. Thin-
ning pole-sized aspen has no effect on number of veneer
trees or total yield. USDA For. Serv. Res. Note NC-121, i

Average stand diameter growth was linear for aspen 2 p. North Cent. For. Exp. Stn., St. Paul, Minn.

between the ages of 10 and 60 years and averaged Sorensen, Ronald W. 1968. Size of aspen crop trees little

0.184 inches per year after the initial thinning, affected by initial sucker density. USDA For. Serv. Res.

Therefore. future stand diameter (DBHf) at age Af Note NC-51, 4 p. North Cent. For. Exp. Stn., St. Paul,
can be estimated from Equation 4 by using the initial Minn.

Stage, Albert R. 1963. A mathematical approach to poly-
stand age (A i) and diameter (DBH i) • morphic site index curves for grand fir. For. Sci. 9: 167-

(4) DBH f -- 0.1841 (A_-Ai) + DBH_ 180.

Future merchantable yields can then be computed Stoeckeler, Joseph H. 1948. The growth of quaking aspen
with Equations 2 and 3. as affected by soil properties and fire. J. For. 46: 727-737.



THE BASIC HABITAT RESOURCEFOR RUFFEDGROUSE i

Gordon W. Gullion, Research Associate

Dept. o[ Entomology, Fisheries and Wildli[e, Utziversity of Minnesota
and

Franklin J. Svoboda, Junior Scientist
Dept. o[ Entoraotog)', Fisheries and Wildli[e, University o[ Minnesota

ABSTRACT.--There is a close correlation between the distribution of the aspens

and of ruffed grouse. Bonasa umbellus) both on a continent-wide and local basis.
As an aspen stand regenerates from destruction by fire or removal bv cutting and

progresses towards rnaturity, it is continuously providing some of the needs of grouse _i
at some stage of their anrmal life cycle. Aspen leaves anct staminate flower buds
constitute the most important year-long food resource. As the aspen regeneration _._
thins from high densiw sucker growth through the sapling stage to the pole stage _i
and finally mature tirnber, best quality cover is provided for ruffed grouse broods,

wintering and breeding grouse, and finally nestirlg hens. But to sustain highest ii
density grouse populations these age classes must all be available to each wintering
and breeding grouse within a non nal foraging range of about i0 acres.

GENERAL RUFFED GROUSE-ASPEN well (fig. 1) (Bailey et aL 1955). There are some
places where aspen is common in North America

RELATIONSHIPS where these grouse do not occur; and there are ruffed

At least t00 years ago Parker Gilhnore made an grouse populations in the southern AppalacEians,
observation that has since been overlooked by too some parts of the .XIidwest, and on the Pacific coast

many generations of wildlife and forest managers" where aspen is absent. Recent successful introductions

"'In the unctergrowth which springs up in that portion into tim Beaver group of islands in Lake Michigan

of the country !.Maine! where timber has been des- (Moran and Palmer 1963), the Ruby Mountains in

troved by fire, I ever found them [ruffed grouse] very northeastern Nevada (Hoskins 1968), and into New-

abundant, it being ahnost impossible to wander half foundland , [nder 1967) suggest that isolated aspen

a mile through such openings without flushing a forests lack these grouse simply because the birds have

covey" (Jasper p. 191 e'TzStuder 1888) Judging by failed to disperse into them. On tim other hand, it is

the forest composition now in recently burned Maine only in the warmer climates where grouse encounter :_
of the "under- less severe wintering conditions that they persist inforests, it seems probable that most

growth" seen by Giihnore consisted ot aspen regen- the absence of aspen; and though sometimes locally _i::_{,,
eration, common in these peripheral habitats, ruffed grouse

seldom approach the widespread abundance common

Also, it is probably no accident that the North in the more northern regions where aspen is, or was, a
Arnerican distribution of the aspens fairly closely de- dominant component of tI_e forest.
limits the native distribution of the ruffed grouse as

1 Pap_,'r No. 7854 Scientific /ouYr_al Seric,_. 34in- Minnesota Studies
t_esota A,,,,i_,_Itural E'x/)rrimrrzt Station, U:,,ic'crsity

of Mi_z_le._ota. St. P_zz_[. T/tis [)apcr _c[_orts /_rooress From a 15-year stuclv of ruffed grouse--forestry
on the Forest [l"iM;::Tc Relations P,ofl'ct 83H: the relationships on and in the vicinity of the Ctoquet

_l[iplrtcsota A gricuIte_a[ Ex/_criment Station, Coltes,,e Forestry (:enter in east-central Minnesota. it has

o/ Forestp)', a,_d t/,c ._[inrzesota Dic'i;io_z o/Game and l_ecolne apparent that at some time during the regen-

Fish cooperating, eration and gro_vt_l of an aspen stand, these trees

,,3 i
}



\'- _., ._ /?'
Jr --<_/_. .*-.' - _,eet eve W no'

" \\ ", . , .j ..... ,:>c the bird's 1

.- / ..<, )<_ :.rrouse contaira

.
...Q./...... \... r.he restricted

\ "",, .... i> . " .', [oI_.e cart II1 c-

-< _,. "-. " , <-ouse throu_z

',, "'\ "-Z" <,!_icks througit
.'rod spring b_

\ "'\\ ,
/ \ \:,/ '\ \, ,_.cstin_ cover .

, ". _' of tree in No_

, \

,,

, Fortunately

'\ ,,,idelv distrib
a'., .._ Fowelts 196."

_) >_ ,.,-ell : Schneid
fore that the

can range th_-
Edminster 1<

/ / The Func_

/ To underst

/ \ \ _,,abitat resoL:

\ ' ,. ..- -:or>icler briei

.lying anima

i '\ _........_,_ ,:)robablv sel<' .1/ <cro_se. But i

, _._fJ _ng even in ,

Food-- A [

/ COMPARABLE DISTRIBUTIONS " Grouse Oc,,

_ OF TREMBLING ASPEN t discounted f'-
Q,

_ OF BIGTOOTH ASPEN ., :x,puladons
t 0 \ _ ,¢ .,,uct tmve s[

OF RUFFED GROUSE _J._ a._..-J-------U'. _ ::,,,,.)-,,,ds.:_

"_ f /t( #...... SUCCESSFUL GROUSE TRANSPLANTS ../t t t _-.. . "< '_.... 'ih,, _()odre

l I / '"b-_,, >i N" ', _5. '° I)urina a
, "-"- _ "=" _" '_*' "" '_" " " - '°" _ "" _ through th(

during the

Figure i. Distribz_tior of the :\forth American a.rpens and ruffed grouse. The dis- ._,.it'cd <,_rm

tribz_+ion of t}:c a_pe,es /tom Fowelts ,<1965); t/¢e distribution o ruffed grouse aspens six l

based on Al.drick (19_5g)" base map t'rom FowclIs (1965). as upon a_

114



meet every' need of the ruffed grouse at some stage t967-68 this preference reached 13 to 1 (Svoboda _I;{
ot" the bird's life history. If the habitat available to and Gullion, unpublished data).

!_-,,'ousecontains a mosaic of aspen age classes within
tee restricted foraging range of rufred grouse, aspen Furthermore, examination of several thousand
Aone can meet all the habitat needs of resident ruffecl grouse droppings collected at Cloquet from !!

_,zrouse throu,_,hout the year, from br(mcl cover for 1964 through 1969 provided the basis for the state-

chicks through essential food resources and winter ment by Vanderschaegen t970', "'The most im-

:,.ad spring breeding cover for the grown birds to portant food plants for rpi?fed grouse in the Cloquet

re'sting cover for the hens. No other species of shrub area arc aspens. Aspen buds. catkins, or leaves were

or tree in North American forests appears to fill the used at all seasons of the year. Aspen buds /both

n_eds of ruffed grou_ so adequatelv, vegetative and male flower are the number one
winter food. male buds and catkins tt_e number one

Fortunately. the aspens are not only "the most spring food. and buds and leaves the second most

v, idetv distributed tree species in North America" important fall food.'* Vanderschae_en found that i
Fowells 1965 but are economically important as even during_ surnmer the leaves were a most important _i.

well , Schneider 19701. It is hardly surprising. ,. there- source of food. constitutin_ more than 53 percent of

i;>re that tee rufled grouse has a larger North Ameri- the identifiable material exarnined and outranking

can range than that of any other resident game bird five-fold the second most important--the seeds of
Edminster 1954 . sedges (Carex spp..

Beaked hazel (Cor)'[us tom,eta)ranked second over-

,! The Function of Aspen as a Resource for all, but under some conditions can be .zo.st ;rnFortant
Grouse -,

.i_ as a winter fo(M resource. Catkins of the birches

,/Bet_da pa/2)'ri/cra: B. I_._h'a) never ranked better
To understand how the aspens function as a basic

than a poor third, and ironwood (Ostr)'a c'ir_iniana),
habitat resource of ruft'ed grouse we first need to

often consMcred important elsewb.ere kStotlberg and
{ consMer briettv the basic habitat needs of these birds.

//line 1952_ is rare in the Cloquet Forest.
Food, cover, and water are the three basic needs of

i living animals. A lack of free water for drinking Tim arrangement of flower buds and physical

probably seklom limits a browsing species such as characteristics of the aspen twi_ are probably import-

_: :._rouse. But insufficient food and cover may be limit- ant to ruffed grouse. The twig is rigid and usually ili

ing even in extensive forested areas, cnters the fall season with (5 to 8 easily detached 1

flower bu(ls near the tip iig. 2_,. This combination i:

Food --A Factor Limiting allows grouse to take their evenin,z meal quickly and
Grouse Occurrence _luietly before they dive into a snow burrow for the i

night. I

Although wildlife biologists generally have long

discounted foocl shortages as a threat to ruffed grouse We have observed ruffed grouse takin_ flower buds {i

populations in hardwood forests, our studies at Clo- at a rate exceedin_ 45 }_er minute. Birds feeding in

quet have shown that statements such as "When its aspen seldom sl)enct more than 15 to 2(t minutes col-

preferred foods are used up . . . it can always turn to lectin,.,- the 9(i) to If)0 grams of buds that constitute a

tree buds. the slopply of which is vh'tuallv inexhaust- meal. 'l'}lis comt):ues to a 150-,_ound human con-
ihle . . . "' Edminster 1954 -_ are probably erroneotls, sumin-,_ al>out 27 pounds of food in 15 to 90 minutes.

The food resource for ruffed grouse is probably much
less catholic than formerly helieved. Gro_,se cannot fccd as rapidly or effortlessly on anv

Of ttle OttleF ;.t,'florea] foods available to them. Rapid

During a series of winter "feeding runs extending feedin,_ Ires two distinct t¢l_antaees for grouse" (1_

thz'ough tlle period when srlow covered the oround it ntinilnizes ttwir accessibility to predators .an eve-

during ttm winters from 1965 to 1970 we found that ning feeding lu'riod bee-i,_ning about sundown coin-
ruiFed grouse fed on the ttower bt|ds of the male rides xvifll the early fora_in< flig!tts of horned and

ast3ens six tilnes as much in ,'elation to availability) {_th('r owls. and _9 sholt feeding periods reduce thef - ,

as upon all oilier hardwood species combined. In cxl)mMiture of cnclgy needed to k_'ep warm during
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• ....... from preferred clones of trembling aspen to be about compared _._
30 percent richer in protein (14.2 vs. 10.9 percent dry best quality"
weight) than flower buds taken from male aspen

clones where we have seen no feeding use by ruffed On the t
grouse for the past 13 years, area there a,

from which

Contrary to the belief that ruffed grouse are forced leaving a fo_
into arboreal feeding by snow covering their ground- ironwood, a:

_:;: level resources, we have found that heavy and some- these tracts
times exclusive use of staminate flower buds of the grouse since

_ aspens begins many weeks before snow covers the 218 acres in
ground, areas where

_spen remai_

Our earliest record of use of aspen buds is of a ruffed grous
in 1971.

13-week-old male ruffed grouse feeding in aspen on
September 30, 1964 (Godfrey 1967).

We beliex

In spring at least the male ruffed grouse continue t percent ofboth our CI(
to use the developing staminate catkins of aspen al- !

pied in 197most to the exclusion of other food until the aments I

have shed their pollen, dried, and begun falling from ! Wildlife Ar_
{ sight of ma

the twi_ in early May. Only then do the grouse :
)

commence using the ever_een, frost-resistant herbs

(e.g., Comus canadensis, Coptis groenlandica, Gaul- _ Aspen M¢
theria procumbens, Fragaria spp., Linnea boreaIis) of Cover [
that have been available to them at ground level
since the snow melt--which may have been corn- Aspen in

Figure 2. --A terminal twig of trembling aspen show- plete as much as 3 to 5 weeks prior to aspen catkin ity of cover

ing three typical clusters of staminate flower buds maturation at Cloquet. of their an
and the apical vegetative buds. consider w

In addition to our observations of grouse feeding grouse. So_
cold winter evenings. During the colder part of win- preferences over a 6-year period, the analysis of essential to
ter ruffed grouse are in snow burrows almost con- droppings collected from 1964 to 1969, and the analy- the major _'_
tinually, perhaps as much as 23 hours a day, except ses of nutritional values from 1968 to date, we have mental to

for their brief emergence to feed hastily upon a further evidence of the dependence of grouse upon grouse popt:

readily available food such as the aspen flower buds. the aspen for food. All the previously perennially
occupied breeding activity centers from which aspen Analysis

When snow is deep and crusted ruffed grouse may was cut were abandoned by grouse even though their grouse ove_
spend much more time feeding on the hazel catkins drumming logs were not disturbed and both hazel and longest live
they can reach from the snow surface but when birch remained in virtually their precutting abun- sapling asp_
conditions favorable for this type of feeding persist dance. At least 11 of these centers have gone "full- havdw_d :

winter losses of grouse also increase, cycle" and now are being reoccupied by grouse 7 to amcter (un
13 years Mter cutting, cover" and

Huff (1970) has shown the male flower buds of only most

aspens to be one of the richest sources of nutrients On the Cloquet Forestry Center there are large prise attac!
available to these birds through the winter when snow pine stands from which all or most of the aspen has but also aI_
lies on the ground, been removed through timber stand improvement, lance for _;

These stands are devoid of breeding ruffed grouse, radius of 5
Observations over the past 6 years show that ruffed even though adjacent tracts where aspen remains

grouse prefer certain clones of aspen for feeding, uncut among the pine canopy had breeding grouse The less
Huff's analyses (1970) have shown the flower buds densities ,as high as one bird per 6 acres in 1971 (this cover," pr_
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compared with one breeding grouse per 3 acres in for the animals that commonly prey upon ruffed

best quaiity aspen stands), grouse, Brush piles, slashing, windfalls, and the

boughs of conifers both close to the ground and in

On the Bob Lake portion of the Cloquet study the forest canopy all provide such cover for grouse
2.:ca _here are two tracts of northern hardwood forest predators.

hom which aspen was selectively cut in about 1960,

'..earing a forest of maple, oak, paper birch, basswood, Several brush species substitute structurally for
::'onwooci. and some other hardwoods intact. Both of aspen sterns as adequate vertical cover for ruffed

:}'.ese tracts have been devoid of breeding ruffed grouse. But none of these can be managed as easily,

:,:o_ise since we began studying them in 1.965: one is provide a year-long food resource, or have the eco- !{
2!8 :xcres in extent, the other 95 acres. On adjacent nomic value of the aspens. Furthermore, none of the i

areas where soil arm topography are the same but other northern hardwoods regenerates as root suckers i_.

::spen remains in tim forest canopy, we had a breeding after' being cut in the same manner as aspen, pro-

:;.:fled _rrouse density exceeding one bird per 6 acres ducing a fairly uniform, dense stand over a large

!n 197t. piece of ground. Nor do any other hardwoods pro- _i
vMe an aclectuate food resource for these grouse as :i:

\Ve believe it is also significant that more than 98 the trees mature. ,

:_ercent of the pm_istentlv used drumming Iogs on

?_oth our C;]oquet studv area (including 247 logs occu- Specifically, the young regenerating sucker growth
-)ieci in [97I _ and on 2.800 acres of the Mille Lacs of aspen can provide in its first ?ear high quality

\ViIdlife Area i94 occupied logs in 1971) are within brood tmbitat for grouse t)y the time the chicks hatch _;

<i_-,ht of mature ,_ale trembling or bigtooth aspen, in rnid-June, following winter clear'cutting or early !

spring burning. As the regeneration grows it con- :_i
;_ tinues to provide a high quality brood habitat for per-

Aspen Meets the Spectrum haps as tong as a decade following the initial removal , j

of Cover Needs of Ruffed Grouse of tim stand by lo_,in,_ or fire, especially if it is grow- ' !

,_ ing on a low, moist site. )': i
I Aspen in various age classes best provides the qual-

ity of cover needed bv ruffed grouse at varicms stages At about 10 years of age in nort}icrn Minnesota, the

o • of their annual life cvcle. But first we need to re- aspen growth has gone throu_.2h its first natural thin-

} consider what constitutes secure cover for ruffed ning and developed into a sapling stand 25 to 35 feet

grouse. Some types of cover, long considered to be high that has a density of less than 8 tt_ousand stems

{ essential to grouse, provide better hunting cover for per acre. Then it provMes a good quality cover for
: the major grouse predators and so are actually detri- wintering and breeding ruft'cd grouse. In both 1970

mental to the maintenance of high density t'uffed and 1971 our average grouse spring density was a

grouse populations (Gullion and Marshall 19685. breeding bird per 4 acres in the 8- to 12-year old

aspen regeneration at Cloquet.

Anal_is of the longevity of _t.6 drumming mMe

grouse ow_.r a l l-year period has shown that tim Natural thinning continues as the aspen stand

longest lived grouse occupy sites where the stems of grows toward pole-size, and the value of the stand

sapling aspen, hazel, mountain maple, alder, or other to ruffed grouse increases as space between stems

harctwc×:_d species provide a dense stand of small di- increases and the canopy .,,_,_'_s_ higher, o\crhead. The

ameter under 6 inches) stems. This we call "vertical t3- to 25-year old aspen stands on the Cloquet area

cover" and believe that this _luality of cover is not supported a breeding grouse per 3 acres in both 1970

onb., most effective in protecting the birds from sur- and 1971.

prise attack bv raptors thawks and owl) overhead
but also allows the bird t(_ maintain effective surveil- But when the stand density thins bek:yw roughly

lance for mammalian predators on tim ground for a 2,0(}0 stems per acre, at about 25 years of age at Clo-

radius of 50 to 6(I feet at all times, quet, long-occupied, covelts rati_er zibru[_tly become
devoid of breeding ruffed grouse. However, it is at

The less secure cover, which we call "horizontal about this age that the aspen [Iowcr-btads cotttmenee

cover." provides ett'ective hunting or ambush cover being used as a winter-long food resource; and the
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more open, park-like aspen stand appears to be the ACKNOWLEDGMENTS c:_nion, Gordc

most secure nesting cover for ruffed grouse hens. vival of ruff'7: 117-167,
Most hens select nesting sites where they can fly di- In part the material presented in this paper repre- !ioskins, Leon_
rectlv from the nest into the crowns of male aspen to sents the cumulative efforts of a number of graduate native or an

feed upon the new-grown leaves (Barrett 1970, Kupa students in the Department of Entomology, Fisheries 9-10.

1966, Schladweiler 1968). & Wildlife on the St. Paul campus of the University of _{_.ff, Dan Ed"
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understanding of the place of ruffed grouse in the _upa, John J.

Depth of winter snow is an environmental factor forested habitats of this region. ,_rouse (Bo_:
of critical importance to ruffed grouse in northern search (:era

101 p.,
Minnesota (Gullion 1970). Ruffed grouse survive the In addition, the contributions of some 136 student _.loran, Richa
winter best when they can bury themselves in 8 or foresters who have searchect for drumming logs in the

more inches of soft, powde_ T snow. early morning hours during the past 12 spring sea-

sons have been crucial to the conduct of this study.
In northern Minnesota snow reaches satisfactory !_

depths earliest in aspen and hardwood stands. During Finally we acknowledge the continuing support and }
some winters snow depths under closed canopy coni- direction provided by Des. A. C. Hodson and Win. H. !

fer stands may never reach adequate depths, and the Marshall: and we are grateful for the physical facili- i
grouse depend all winter upon the snow accumulation ties on the Cloquet Forestry Center provided through '

in the hardwoods fox adequate roosting snow. the courtesy of Des. F. H. Kaufert, B. A. Brown, and

the University of Minnesota College of Forestry. i

Grouse, Aspen, and Forest Management
Provision of clerical assistance by the Ruffed

Combining what we know about ruffed grouse Grouse Society of America has accelerated progress

needs and behavior and the silvicultural requirements on this project.

of the aspens Graham et a[. 1963), it appears that

there are three important considerations in managing

northern forests where ruffed grouse for recreational LITERATURECITED

hunt{ng is an important goal-

1. Aspen must be maintained in the forest compo- Aldrich, John W. 1963. Geographic orientation of American
sition" Tetraonidae. J. Witdl. Manage., 27(4): 529-545.

2. Forest stands containin_ aspen must be clearcut Bailey, William J., Jr., Ward M. Sharp, Robert B. Hazel,_" and Grant Davis. 1955. Food habit trends of ruffed
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Minn., 265 p.

of aspen (preferably four) are available to grouse on Edminster, Frank C. 1954. American game birds of field
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app,.:_ar to represent about the highest density grouse Fowells, H. A., Ed. 1965. Silvics of forest trees of the United

population (a bird per 5 acres) we can expect under States. USDA For. Seer., Agric. Handb. 271, 762 p., illus.
most conditions. Godfrey, Geoffrey A. 1967. Summer and fall mow'me_ts

and l)(.havior of immature ruffed _rouse (Bonasa umbel-

[us (L.)). M.S. thesis, Univ. Minn., 205 p.
This management of both aspen as a wood resource Graham, Samuel A.. Robert P. Harrison, Jr., and Casey E.

and ruffed grouse as a wildlife resource can best be Westell, Jr. 1963. Aspens: Phoenix trees of the Great

achieved by clearc_tting aspen on a 40- to 50-year Lakes Region. '272 p., iIlus. Ann Arbor: Univ. Michigan
Press.

_otation, cutting no more than 10 acres out of any Gullion, Gordon W. 1970. Factors influencing ruffed grouse
-I-0 acres at one time, and spacing the logging at populations. 35th North Am. Witdl. & Nat. Resources
about 10-year intervals. Conf. Trans., p. 93-105, illus.
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ABSTRACT. Deer in the Lake States are declining. Early stages of second growth
forest following the logging era favored deer. Aging and successional changes
toward more toterant types are causing range deterioration. Aspen is the major
deer-producing forest _ypc. Commercial harvest of aspen improves deer range, but _:h
not enough is taking piace to reverse the downward trend of deer or to save the a
type from conversion. Additional efforts to cut or otherwise treat aspen stands _}_
specifically for deer have been of token size. Michigan has earmarked a deer license i_
increase for range imp,:ovement and is now embarked on a large scale habitat ce
management program aimed principally at aspen types. }_,_

_._ (

C(.

DEER AND ASPEN IN THE LAKE STATES and Bartlett t959. Dahlberg and Guettinger 1956,
Erickson et a[. 1961_. I,ight deer har,ests, the bucks-

The history of the white-taiied deer is so involved only laws, and some closed seasons caused serious

with that of the aspen, aspen-birch, and spruce-fir overbrowsing in winter range bv the 1930's. Since <-I
forest types of the Lake States area that any discourse 1930. maturing of the aspen stands, chronic over- is

regarding the deer's fate must include the story of browsing, and conversion to conifers through natural i_

recent changes in these forest types and a projection plant succession have greatly reduced the carrying _,_
of their future, capacity of the Lake States deer range. _

The original great forests of the Lake States were The deer-producing cornucopia of second growth _-_
for the most part logged off bv 1920 Dahlberg and trees and shrubs has emptied and at the present time
Guettinger 1956, Swift 1946 . In the wake of early game managers and administrators face a confused ,_.

logging deer populations peaked at various times be- tmblic, which in general displays a naivete toward any _,"
tween 1850 and 1900. This was a response to the biological or ecological explanation of the deer-food

improvement in deer range that immediately fol- problem or anv prescription for maintaining a reason-
lowed the vast clearcutting. Herds were again reduced able deer herd. The current situation is similar to
to a new and possibly al,l-time low between 1890 that described by Dahlberg and Gucttinger (1956) ,_

and t910 as a result of the habitat destruction caused dtlring the early decades of deer problems in Wis- f
by widespread forest fires and uncontrolled hunting of consin. For many reasons people who decide what _-_
deer for market. From 1910 through i950 deer popu- happens in the Lake States believed in t.egulating the t
lations again increased as tim cutover and burned- harvest of deer rather than the total management of _,
over land of Minnesota, Wisconsin. and Michigan the resource, which would have included improve-
was rcclothed with aspen, birch, oak. jack pine, nor- ment of the range. _
thern tmrdwood reproduction, and shrubs. Greatl't _
improved forest fire protection aton_ with more re- After 20 vears of harvesting as manv deer as po- ,

strictive game laws enabled deer to fully occupy this liticallv acceptable liberal deer seasons would permit, ]
new habitat, the Lake States deer herd is probably headed toward

a population low that will not provide a reasonable i
These large deer herds were for the most part or adequate hunting-recreation opportunity. In Michi-

r underharvested from 1930 through t950 (Jenkins gan, hunter numbers have increased since 1964, while
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the kill has decreased from the 1964 bag of 141,000 The most important deer-producing areas in Mich-

to 60,000 in 1971. In Minnesota the decline in the igan are predominantly aspen areas. Department of

deer take began in t966. The harvest dropped from Natural Resources mail surveys of deer hunters for

!03.000 in 1968 to 67,000 in 1969. There was a closed the years 1961-1965 reveal that 360 townships pro-

_, s in 1971. Wisconsin dropped from a peak her- duced 75 percent of the deer taken each year. Theses,.a.on

vest in 1967 of 128,000 deer down to 72,000 in 1970. areas, totaling t3,000 square miles, cornprise only 39

It is becoming increasingly apparent that antlerless percent of the region's total northern forest type. In

deer harvests cannot be continuously substituted for these townships aspen is the most frequently occur-
deer range renovation if even a reasonable fraction ring forest type. The ownership pattern within them I

of the deer populations that existed between 1930 and is 25 percent State, 11 percent Federal, and 64 per-

I960 is to be produced and sustained, cent private. A further look at statistics from 12
counties that include about half of the above town-

ships shows that a highly significant correlation (P i

The high population of deer in the Lake States in < 0.01) exists between the average buck kill per : i.
the past was a result of severe forest disturbance over county and the acreage of the aspen type in the _:

a long period of time. The composition of forest cover county (fig. 1 ).
that emerged set the stage for a trernendous increase

in deer numbers. The heyday of deer production that
This close correlation could mean simply that deer

resulted from the new cornposition of cover is now
in these counties are closely related to forested land in

beginning to bottom out. t-lowever, the basic forest

composition that was so productive of deer food and general, and that tl_e ttspen acreage merely reflects

cover in the past still occurs in approximately the the overall forest influnce. To test this hypothesis we

same proportions and locations as it did in the moi'e computed a regression of deer kill on acreage of total
commercial forest land and found no significant cor- i

productive years. But now, in the early 1970's, it is relation (fig. 2). We conclude, tt_erefore, that aspen is
important to recognize that this cover composition is

the strongly irlftuencing factor.
changing fast. The natural process of plant succession

is adversely affecting the deer habitat at a rapid rate

in the Lake States forests and it appears that the This evidence convinces us that aspen forests are

greatest change will occur in the next 10 years. The the major deer producers in our area, and it clearly

species involved are basically the following: aspen, points out wllere the emphasis of our range manage-

paper birch, scrub oak, jack pine, and the herbaceous ment efforts should be applied.

plants and shrub communities that form their under-

story as a result of adequate light. The openings so There are about 5l million acres of commercial

essential to deer are also more abundant in these in- forest land area in Minnesota, Mictfigan, anti Wiscon-

tolerant types, sin. Eighteen million acres (.3.5 percent) are occupied

by the aspen-birch forest type group. I Minnesota has

5.5 rnillion acres of aspen type alone, Wisconsin 3.5

Aspen and aspen-birch are the types that seem million acres, and Mictfigan -1t-.5million acres, a total

most likely to provide adequate cleer food--browse of 13.5 million acres or a.bout one-quarter of the
from shrubs and young trees associated with the types total comrnercial forest land area in the I,ake States.

and from the young aspen (Rutske t969, Grange About half of the aspen type is puMicly owned. The

1949_. Aspen leaves are a preferred surnrner food in Lake States have an overabundance (from a deer
• o )\Visconsin :McCafferv t970) McCaffery and Creed standpoint) of aspen in the ._0-to-6(-veer ,a,.re,,class.

(1969) found more deer in the aspen type than in Aspen is growing faster than it is being cut. If this
all others during the summer months. Minnesota

game men found that aspen stands under 30 years old

are preferred deer range. In Michigan, the Phoenix
Project studies have shown the close relationship of _ Lundorcn, AlleT_ L. Economics of asprn man-

aspen communities and deer, and thev emphasize the az_eme,zt. A paper prrsented at joi_tt meetit_/,, of Great

irnpact that proper management of this forest type Lakc._ Deer Group a:zd 7"�re Ru_:rcd Grouse Work-

can have on deer populations (Westell 1954, 1955, shop, Quad_za :lit. Lod._e, Hi[! City, Mitlrz., Sept. 22,

and 1960: Graham et al. 1963). 1970. {
i
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Figure 1.- A regression and correlatio_z of average estimated buck kill per count),

from mail survey reports (1956-1965) with acreage of aspen type for 12 Lower
Michigan counties.

older aspen is not cut it will convert to more stable, Some foresters in Michigan point out that older,

more tolerant, forest types such as northern hard- less well-stocked stands of aspen are changing to other
woods, spruce-fir, or pine. forest types through natural succession. Absence of

fires after 1935 and limited acreage of clearcutting of

Lundgren _ estimates that we are at present cutting mature aspen have resuhed in fewer aspen stands

2(10,000 acres per year of the aspen type ()tit of a being originated than before. During the rapid in-
possible 300.000 acres per year, based on a 40-year crease of maturing aspen between 1955 and 1970,
rotation. In theory then, a 300,O00-acre (:tit could be supply was ahead of demand and caused some con-

maintained indefinitely. Much additional aspen occurs cern about an aspen surplus. Estimates of allowable

in other types of the aspen-birch group. Because one- cuts continued to increase, reflecting accumulation of

third of the Lake States forest land is in the aspen- volumes in mature aspen stands (manv of which were

birch group, we can assume that a similar propor- poor quality j, small stands in other forest types, and

tion of the region's forest is potential good deer range, overstories in swamp conifers economically unat-

Other forest types, of course, contribute to the carry- tractive to loggers. Aspen cutting has not kept up with

ing capacity of the range, but to a lesser degree, the incidence of early fires, and regenerated stands
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Figure 2.--A regression and correlation of avera_e estimated buck kill per county
from mail survey reports (19,!16-1965) witk total commercial forest land for 12

: ,Lower Michigan counties.

have not equaled the original post-fire volunteer acre- In Minnesota cturing 1969 and 1970, 12,000 acres,

age. Foresters now predict that there will be a short- primarily in the aspen-birch type, were cut, burned,

age of good quality aspen by 1980, that supply will or otherwise improvect. Access roads were constructed i

not keep ap with demand, which should remain rela- to improvecl areas. A similar effort will be made in

tively high, and that other species will be substituted I972 and 1973. A Wisconsin deer range maintenance

for aspen as a source of pulpwood, program startect in 1969 when about 22,000 acres in

the aspen-birch type were cut. Cuttirlgs were designed i' _
{

MANAGEMENT OF ASPENFORDEERIN THE to rnaintair_the aspen type.Since 19.58, Michigan has i
PAST cut 48 square miles of poor-quality aspen, aspen-birch, i

I
and mixed aspen-hardwood with tree-cutter bull- i

Continuous cutting or otherwise removing overstory dozers, and 21 square miles of aspen-birch anct low- I

are the major biological manipulations needed to lanct species by hanctcutting crews to improve deer

maintain and renew potentially productive deer range Cook 1969). These cuttings were near deer ;

range. In addition to yearly commercial wood har- yards and were designed to provide cleer food by pro- " i
vests. State game agencies in Wisconsin, Minnesota, ducing sprout growth of aspen and associated species, i
and Michigan have been making forest cuttings spe- Totaling 44,000 acres, they were a small ctt'ort when ',,

cifically to improve deer range, comlmrcd to the 10 million acres of aspen-birch, {,

!:
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type in Michigan, litical direction from organized business groups.
27,_ _ have been cut over

;taws combined the Big game license fees are too low in the Lake States

_:-_...... tile last 3 years ,Heuser 1971 . Thev are earmarked for habitat im-

_ provement only with extreme difficulty. While $5.00

deer licenses cover a full season. Heuser points out

agencies in the that it is not difficult to obtain a daily $8.00 ski lift

renovation program fee, or a $5.00 a day golf _'een fee, or a $4.00 a day
so far failed. Such efforts to be camping fee. Funds could be raised from hunters for

have to involve large areas of the adequate research of and for range management if

• _ :_,_....:-hi_-(-h fewest types in the three States. they knew the monev would be used for these pur-

t_ ........ _.... :_s ,.m_(m_istic to suggest that the entire poses and would, as a result, improve their hunting.

'.,:,'_'. _.... ,_.:,._._z_'d_(_ create ideal habitat as it would In his Lake States deer problem summary Heuser

be _,.__!,.ci:t_,. ti_at the problem is so vast that it is ,1971) emphasizes the competing interest facing big
i_,_._.ss, l)t_,c,,n,,.zthe next few decades an increasing game managers who are under pressure from many

_)ro:_<w_>n c,t our forests will undergo some type of groups such as farmers, hunters, resort owners, poll- {
.'.Itcrati(_m (t_e to man's capacity to manipulate re- ticians, nature groups, and public agencies.

_(,t_r(-,,,sfo: i_ofit and other motives. The overall plan

t_-_ri-uture forest management should be designed to MICHIGAN'S NI=W DEI:R HABITAT
include tile production of wildlife as well as wood. MANAGI_MI::N']" PLAN
Nti('h a plan should accelerate recycling of forest suc-

cession at a rate in excess of that realized only from The Michigan Legislature in 1971 increased the

commercial harvest of forest products, cost of deer licenses and stipulated that $1.50 of each
license should be used for the maintenance and im-

Jordan t1970) believes that a new approach to provement of deer habitat. This money will now

deer-habitat management is needed and advocates the permit, for the first time. the application of a large-
development of systems of deer-food management as scale program of management for deer habitat. The

a method of solving deer food problems. He states, Legislature appropriated $616,000 for this work in

"'Deer habitat managment is the planned rnanipula- the 1971-1972 fiscal vear. An action plan has been

tion and-control of vegetation to satisfy food and developed and is currently being implemented. Its
sheher requirements of deer." The purpose of herd goals and prescriptions for treatment are summarized

management is to provide a reasonable, stable, and below-

acceptable yield of deer for hunting. Ultimately, the

solution of the deer-timber problem must come from The goals of wildlife habitat management for the

better herd management and from development of primary deer producing townships in Michigan are

svstems of habitat management that apply habitat to preserve, maintain, improve, and expand the deer

practices to specific units of deer range, in an ordered range to the extent that it will- _ l _, Stop the down-
sequence, over a continuous period of time, and that ward trend of deer numbers, and (2) Increase the

produce predictable effects on deer herds, herd to approximately 23 to 30 deer per square mile.

Deer range research is not popular with many ad- To accomplish these coals, the primary concern
ministrators and politicians because it is costly, is not will be to preserve and maintain suitable wildlife

easily understood, is often a long-term operation, habitat that is being lost to re_rowth, aging, and

and it deals primarily with vegetation rather than conversion. Specitically. management will be con-

with the animals themselves. One of the most signifi- cerned with the preservation of the aspen type, forest

cant drawbacks is that deer are a renewable resource, openings, upland brush, oak, and jack pine in the

used directly by an unorganized public rhunting and State Forests. The major emphasis of the plan will be

viewing). Thev are not a resource extracted by pri- to favor the pre._rvation, improvement, and expan-
vate individuals or groups for profit, or one with a sion of the. aspen type. Every effort will be ,nade to

fixed price tag that lends itself to exploitation ttlrough adhere to the following euidelines for deer tmbitat

established business channels with the attendant po- inlprovement:
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,;1'! Maintain a desirable proportion of aspen tide of successional range degeneration_ and restoring

't)c: not less than 35 percent of upland area. deer numbers to levels of past decades for the fullest
use and enjoyment of the public.

(2_ Preserve, improve, and expand forest openings.

im for not less than 15 percent of upland area. LITERATURECITED _
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EFFECTSOF THINNING ON GROWTH AND YIELD

John \_V. Hubbard. 3Ianav, ement and Research Forester
Boise Cascade Corporation, Big Falls, Minnesota

ABSTRACT.--Comparative studies of noncommercial and commercial t}_inv,ings

covering an 18-year period on ti_,e Boise Cascade Corporation Experimental Forest
near Loman, Minnesota demonstrate how quaking aspen diameter growth was
increased by thinning thus shortening the rotation.

A 12-year-old noncommercial thinmng in an aspen All trees were remeasured at d.b.h, to 100th inch

sucker stand and a commercial thinning in a 32-year- each fall following the growing _eason.
old merchantable stand demonstrate how cultural

treatment can shorten the rotation age and increase Annual average d.b.h, growth in the thinned plots

the production of veneer or saw logs in aspen stands, fluctuated from 0.04 to 0.38 inch and the unthinned
or control plots from 0.05 to 0.20 inch. The low point

in growth was reached during the 197t growing

NONCOMMERCIAL THINNING _eason when most of the trees ,vere completely de- {
%Iiated by the tent caterpillar (._[a_acosoma disstria), i

To illustrate what can be accomplished by a non-

commercial thinning let's examine such a thinning in The average diameter growth on tim mxe-thinned

quaking aspen sucker stand on our experimental for- plots has exceeded that on the comroi ptms since thin-

est. A well-stocked aspen stand (site index 85 to 90_ ning by 1.39 inches and presently has a volume in trees

was ctearcut during the fall and winter of 1953-54. 5 inches d.b.h, and larger of 10.50 cords compared

Seven growing seasons later, six ljl0-acre plots-- to 1.20 cords on the unthinned piots.
which were as similar as possible in average_, _ tree di-

ameter, stocking, and site--were established in the Let us assume that d.b.h, growth will continue at
sprin_ of 1.960 in the aspen sucker stand that resulted the same average rate: as it h_ts in the 12 ,cars since

frorn the clearcut. The area outside each 1/10-acre tllinning. Projecting the average _rowth of each indi-

plot was expanded to y_ acre to serve as a buffer zone vicluaI tree on the thinned plots wiil _he an average
and given equal treatment, diameter of 6.3 inches in 6 '<ears at a_: 25. A com-

mercial clearcut co_dd be made a_ _hat time yielding

Three of these permanent plots were designated approxi_nately 37 coeds per act< It would take the

as resem-e ot control plots and three were thinned control plots consiCh'rabtv longer ,_o api_vox{mate the

before t}_c arowing season in the- spring of t960 re- same average diam_'ter and cordaec. We b.avc thus

ducing the stem count from 3,750 to 695. givine an significantly reduced the commercial rotation with

5_ by 8 foot spacing and saving the best dominant and the noncommercizfl thinning.
codominant trees.

Alttlou_h one st_dv 'Noreen t968 questions the

Two o{ tlw tt_innecl })lots were axe thinned. The i)ossil)ititv, of a net molwtarv rv_uvn from pvecom-

work required 9.5 man hours i)cr acre. The other was mercial lllinnina and an(uhcr "S_,re_son 1968) indi-
} "t unned with 2.4.5-T herbicide. Although this thin- <atcs po(_r diauteter ffrowth for crop _rees in a

ning was successful, the I_erbicide w_ts translocated thinned stand, it wot_ld seem Iron_ our study that

throu_h.,, tl_e coot svstenl to the residtta! trees, inhibiting txlore cotnl)retlensiw" research in n(_ncomnlcrciat thin-

growth fo|a number of years. Therefore, data from ning is warranted if wc want to reduce totadon or

this ptot were not used. it_(:r(.,as_, diarneter.
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COMMERCIAL THINNING trees did not always leave uniform spacing, a few

openings larger than desired resuttect. Unfortunately,
In 1954 a commercial thinnirlg experiment was some trees on the north side of these openings suf-

._stablished in two separate units known as Unit I and fered sunscald.

Unit II at different locations on our experimental for-
_st. The stands on these units covered a total of 12.1 The final clearcut was macte in Unit II after the :._

_cres, were very similar, and had a site index of 85 growing season in 1970 at 50 years of age ; the scaled,

:o _0. The average age in Unit I was 31 years and the cut volurnes exceeded the plot volumes.

_verage age in Unit II was 34 years. Each unit was

tividecl into three equal strips, one desig_qated for

:learcutting, one for partial cutting, and one for re- Results

erve as a control. Two 1/10th-acre permanent plots By 1970 age;regate volume in the partial-cut areas .._

vere established within each strip to measure results, exceeded volt, me in the control by 17 cords, a net '!iii
_.1112 plots were measured prior to treatment in the gain of 8.70 cords since 11954. The d.b.h, of the aver-
pring of 1954. The clear and partial cuts were made

n the spring in Unit I and in the fall in Unit II. age tree in the partial-cut areas exceeded the average
tree in the control by 1.73 inches. Net diameter

The clearcuts removed an average of 50.3 cords growth in the partial cut exceeded that in the control

md 124.57 square feet of basal area per acre and the by 1.4-5 inches. _:
)artial cut removed about half the 593 stems and

;{

_7.86 cords from the total o'f 57.76 cords of volume Veneer Potential Compared {i
table 1). ....

In order to determine the veneer potential of the

The original plan in the partial cut areas was to partial-cut areas compared to the control strips,

bin from below to an approximate t3 by 13 foot veneer bolts on all plots were tabulated by size in 1969

pacing and 65 to 70 square feet of basal area. But it (table 2). Bohs were then converted to finished _!_i
_:as found that a salvaoe of diseased or defective veneer values (inclucting residues) as reported by

tees just about took care of the thinning with a basal Noreen and Hughes (1968). It is evident that the li
Lrea cut of 60.92 square feet and a final reserve of partial cutting has had a marked influence on the size _i

;9.99 square feet. Because tim salvage of defective and value of veneer bolts.

Table 1.---Plot data for aspen cutting .stud,),--average of two units

| Per acre dataSj t Average [-------_

Number Cords Sjiuare feet Inches years

Clearcut strip (Fall 1954) 525 50.32 124.57 6.56 32.5

Partial-cut strip:

Before cutting (1954)-2-/ 592 57.76 141.39 6.77 32.0

Cutting 288 27.86 60.92 6.25 --

After cutting (1954) 252 29.52 69.99 7.43 32.5

Fall 1970 190 52.84 125.17 10.99 49.0

Cumulative yield 80.70 i }

Mean annual growth (49 years) 1.65 .23

Res r estrip co trol iiAt time of cutting 542 49.03 119.49 6.49 32.5 1

Fail 1970 318 63.65 148.66 9.26 49.0 I

Mean annual growth (49 years) 1.30 .19 I

1
i/ All volumes computed by formula on an individual tree basis. !
2/ The total of ti_e trees and basal areas cut plus those remaining is not <

equal to those previous to cutting because of natural mortality and logging i

damage between initial _:',easurement and measurement after cut. i
!
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Table 2.--Veneer production /or an uncut aspen stand compared

to a partial-cut stand after 15_2 growing seasons

Top diameter I Conversion _rol _al cut
(inches, inside return I ;_l_ 1 Total _-_''T_al

bark) per bolt _i ....... 1 value i---- ! Nalue
Dollars Number Dollars Number Dollars

8 0.94 45 42.30 34 31.96

9 1.42 42 59.64 32 45.44

i0 2.04 14 28.56 22 44.8$

' II 2.89 6 17.34 19 54.91

12 4.03 - - 7 28.21

13 5.40 - - 4 21.60

Total value

on plots 147.84 227.00

, Veneer value

per acre 369.60 56 7.50

Total pulpwood

value (at

$!.00/cd. ,
1954 and

$I. 25/cd.,

1969) 79.56 92.19

Clearcut Strips Fulh' aware of tile limitations involved, we made
an adjusted projection based on the average past

The first growing season following tile 1954 clear- growth of individual trees in our sucker thinning and

cutting the sucker counts showed an average of 15,950 the growth information from our aspen commercial

stems per acre. This had been reduced bv natural cutting experim.ent _1954-1970). Potential mortality
mortality to t,825 stenls in 197 1.

trees (six of tile largest trees on one plot, alive but {
In the fall of 1971 the average dominant tree had infected with hypoxvton, stem canker) in the present !

a d.b.h, of 3.2I inches and an ave,'age height of 36 sucker stand were eliminated and growth projected by !

feet so these stands are ahcadv well on the wav toward tree to age 32, with some adjustment for additional• i
the next crop and have a 17y2 year average jump on mortality based on this and other noncommercial

the reserve and partially cut areas. Only time will thinning studies.
tell whether an early clearcut is economically more

advantageous for pulpwood production titan a partial I then made a theoretical commercial partial cut

cut at the same age. This should prove a fertile field reserving crop trees selected in the field on the two

for studies by economists, axe-thinned plots and simulating the partial cut in

our 1954 aspen cutting stud','. In all. 385 trees with
COMBINING THE NONCOMMERCIAL a volume of "_6.15 cords were removed, reducing the

THINNING WITH THE COMMERCIAL stand to 7-..t..28 square feet of basal area per acre
THINNING !table 3 ,.

If we are alining for a saw-log or veneer market,

what potential is theoretically possible if we combine The final projection based on growth of individual

a noncommercial thinning with a commet'cial thin- trees in our 1954-1970 partial-cut study was made to

ning or partial cuttin_ _ We realize the many mensur- ae,e 50 !table 4_. The same experimental forest local
ational, biological, and climatic [fitfalls involved in volume tabh', was used for all volume calculations.

making straight growth projections based on the past

averaoe,_, growth of individual trees especially, when a This shows that our cultural measures have ac-

year of practically no growth, due to the tent cater- complished three things: increased the average stand

pillar, is injected into the averages, d.b.h, bv 4.53 inches, greatly increased the number of
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Table 3.--Results o[ theoretical management o[ an aspen sucker stand originally
thinned at age 7 years and partially cut at a_e 32 years

ACTUAL STAND

Per acre da _a_7 I Average i
_To_m--_-_ _asal area Ld. b. It. i Age ;!
Number Cords S0uare feet Inches _ears i

Spring 1960 (following thinning) 695 -- 9.63 1.60 7 I

Fall 1971 675 10.50 86.61 4.84 19

PROJECTED STAND

Projected to age 32 (Fall 1984) 550 57.75 198.81 8.13 32

Simulated cut, age 32 (Fall 1984) 385 36.15 124.53 7.70 32

Reserve, age 32 (Fall 1984) 165 21.60 74.28 9.08 32
{

Projected to age 50 (Fall 2002) 148 52.93 158.87 14.03 50

Cumulative yield (Fall 2002) _-- 89.08 ......
!

i!/ All volumes computed with an experimental forest local volume table.

Table 4.---Stand table comparing a 50-year-old untreated .rtaTzd _
with a theoretically managed stand on similar site (site index

i

85-90)

D.b.h. : Control stand : Hanaa_ed stand

classl/: Total :Basal area : Volume_-:Total :_al area ] _-ume2--27-- i-- {
(inches): trees : per acre : per acre :trees : per acre : per acre

Number S%uare feet Cords Number _uare feet Cords :{

5 10 1.430 0.20 0 ....
6 43 8. 280 2.113 0 .....

7 2 8 7. 560 2.30 0 ....
8 35 12.460 3.65 0 .... ,

9 43 19. 280 5.63 0 ....
I0 43 23.650 7.35 8 4.610 1.36

iI 43 28.440 10.45 3 2.230 .66

12 38 28.910 9.38 13 i0 620 3.25

13 I0 9.470 2.95 29 26 038 8.99

14 5 5. 200 1.80 52 57 293 18.87 {

.... 27 34 479 11.52 _15 '--

16 3 3. 540 2.40 9 112 314 4.32

17 ...... 4 6 164 2. 116

Total 301 148 220 48.24 148 158 874 52.93

!

Average basal !
area .492 i.073 I

Average d.b.h. 9.50 14.03

1/ Trees 5 inches and larger. !':

2/ All volumes computed with a local volume table believed to be I_i

conse rvat ive. !!
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stems in the larger diameters, and increased the total reahn of economic feasibility. Government agenci_ _
cumulative yield by more than 40 cords (theoretical with a subsidized labor force, should carefully cor.

thinning at 32 years, 36.15 cords, plus final projected sider more intensive managerrmnt of aspen becaus
volume of 52.93 cords_.. While there may be some the day of aspen surpluses, especially of saw-log or

question concerning such a large comparative in- veneer size and quality, is rapidly drawing to a close
crease in ctm'mlative cordage, there is little question

that significant increases in diameter can be accomp- BIBLIOGRAPHY
lished by such management practices.
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MECHANIZED HARVESTING SYSTEMSCAN AID MANAGEMENT

i

Z. A. Zasada, Research Associate
Cloquct Forestry Center, University o[ Minnesota

Cloquet, Minnesota

ABSTRACT.---Mechanized timber harvesting systems in the Lake States show i:
promise for increasing labor productivity and improving utilization of the resource.
These systems can be used in the aspen type for sustained timber and wildlife
production with little impact on soils and scenic values.

Mechanization has changed aspen timber harvest- Because of increasing use of aspen, it is expected

ag in the Lake States during the last 10 years. The that at least three-fourtt_s of a million acres of this

,stems now under development have good potential type will be logged in the next 10 years. The mer-

it increasing efficiency of timber harvesting" the chantable stands available for hatxesting wii[ be sim-

roducts may be removed as short logs, tree-length ilar to those now being cut. The 1962 forest survey

mterial, full trees, or chips. These new systems offer showed that 35 percent of the type was in the 40+

_veral advantages, including higher labor productiv- age class, and an additional 48 percent was in the 20

y, less manual work, and improved utilizatiion of the to 39 age class. How these stands are harvested wi11

tuber resource. At present they are used most suc- determine the quality of the next aspen timber crop

essfullv in clearcutting even-aged stands, as well as the poterltial for wildlife habitat.

Because of public concern about the environment,

et_ mmcal harvesting systems on public_'ceptable m"t " MANAGEMENT OBJECTIVES

nds must meet certain multiple-use requirements.

he Cloquet Forestry Center has studied the effect of A ,good distribution of ,_a,,e.classes and full stocking

echanized harvesting on the aspen forest. The re- of pure aspen stands on medium and good sites must

Its of this research indicate that properly directed be provided to meet the demands for aspen forest

echanized harvesting can aid in the management products and the requirements for wildlife habitat.

the aspen type for sustained timber and wildlife Aspects of aspen silviculture that nmst be considered

•oduction with little impact on soils and scenic at tmrvest time to meet this objective include site
dues. quality, reproctuction, habitat improvement, soil pro-

tection, stand development and protection, and length

_.REA AND CONDITIONS OF ASPEN TYPE of rotation.
TO BE HARVESTED

Rccognit:ion of site quality would make it possible
About 65,000 acres of aspen type have been har- to determine which areas are not suitable for either

sted annually in northern Minnesota during the conmwrcial wood t_roduction or habitat development.

:st 5 years. This is about 1_//: percent of the type Stands on poor and mectit_m sites would be lintvested

medium and better sites. The harvested stands are when tt_ey reach pulpwood size. On good sites, stands

uallv more than 40 years old with trees in the 6- would not be harvested l_rematurclx ...... they would

15-inch diameter range,_. Aspen occurs in five gen- be grown to produce the l_igh-value products such as

_1 conditior, classes as follows" (1) pure aspen, (2) veneer and large saw togs ot: whicll they are capable.

xm-biIch mixture, (13) aspen-conifer mixture, (4) This approach will result in less loss through mortality
)en-northcrn hardwood mixture, and (5) under- and overmaturity, limit natural stand conve_sion, and

,eked stands with brush, provide ntore good wildlife habitat areas.

13l



A complete clearcut is necessary for good aspen Thereafter they open up as a result of decay or dam.

reproduction. It also redtices invasion by toIerant age from ice and wind. Mature and overmature

species that produce little usable volume and eventu- stands are invaded by brush and more tolerant hard.

ally allow complete conversion of the stand. Scenic woods that usually reduce the quality of the next
values and wildlife needs may require limiting the size stand. Because aspen is a forest type that deteriorates

and dispersal of areas to be clearcut, rapidly after reaching maturity, har_'esting at rotation
age is necessarv.

DEVELOPMENT OF STANDS SUITABLE FOR

MACHINE HARVESTING HARVESTING SYSTEMS IN USE

Pure stands of aspen have many characteristics Three harvesting svstems are used in the aspen

that favor profitable mechanized harvesting; they are type in northern Minnesota. The shortwood system

even-aged, contain a high volume per acre, and most is the conventional, most widely used method of log-

important, the trees fall within a limited diameter ging, with felling, limbing, and bucking done at the

range. In addition, most aspen forests occur on sites stump and logs skidded or forwarded to haul roads.

that permit vear-round harvesting. Alttmugh machines have been developed for full
mechanization of this system, most small operators

Stands of sticker origin following clearcutting can fell the trees with chain saws. Skidding is done with

be better stocked and possess equal or better vigor one of several types of fmwarders equipped with

than the original stand. Rapid growth and natural power loaders.
thinning are characteristic of such stands; trees will

attain a height of 4 to 6 feet and number more than In the tree-length system, trees are felled and

• 7.500 stems per acre the first year. At age 10, the limbed at the stump. Tree-length logs are skidded to I)__
trees will be 25 feet tall and number 3,000 stems wr ' ,c-,t

" a landing, where they are processed into logs or moved
acre. By age 20, further natural thinning will reduce directly to the mill. This system is gaining in use due __
the number of stems to about 1,700 per acre, and the i_.,:

to the success of the rubber-tired skidder, which _i_,
trees will be 4-0 feet tall. The young stands show no makes high-speed, long-distance skidding possible.

vidual_endencYtreet°stagnatedominancebecauSeispronounced.°fheavy stocking.Goodstandlndi- The number of skidders used in northern Minnesota I}has increased from about 100 machines in 1965 to .
erowth is maintained even without thinnings.
- more than 1,000 during the 1970-71 logging season,

The trend of mills toward equipping their yards to
Because of uniform spacing and a common starting

accept and handle tree-length wood will promote

_hne, pure, well-stocked aspen stands contain a large further expansion of this system.
number of trees faMy close to the same diameter. For _

example, at age 11 about 90 percent of the stand will "r(,

be in the 1- to 2-inch size class- at age 20 about 80 The lull-tree system has been used to a limited :t_,,
(.xt('nt in harvesting aspen. With tlfis system the orlly ,_percent will be in the 2- to 4-inch class; and at age

55 about 90 percent will be in the merchantable size work done at the stump is to fell the tree. The full ;_I_
class of 6 to 10 inches, tree is skidded to the landing for limbing and pro- i_z_

cessing into logs. Machines such a feller-buncher and !,,

Recent proposals have been made for growing and tree processors also are available to fully mechanize ,t_,_

b.avvesting tree crops using a very short rotation. A the operation. As practiced bv most operators, the

"'Sycamore Silage" approach has been proposed by system is partially mechanized with felling done

,: Herrick and Brown in the South. In Wisconsin, Eins- manually. _>I

pahr and Benson suggest a similar approach for aspen. \V

The limited range in diameters at given ages indicates These systems offer to tim forest land manager three _

that short rotations may be possible in aspen provided alternatiw_s of removing the forest crop" l l ) as lo_, w,

the stands are kept free of competition, leaving cull logs, branches and tops in the forest" (2) <t_

as tree-h'nvth loes (or polewood), leaving o,llY ',,,

Aspen stands reach maturity when they are from branches and tops in the forest" and (33 as full treeS, i_

.t() to 60 years old, earlier on poor than on good sites, leaving no residue in the forest. _'ti
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EFFECT OF HARVESTING ON THE FOREST The three fully mechanized harvesting systems were
equally effective in elirninating the residual nonmer- I

The condition of the area following logging deter- chantable trees.
mines tile treatments necessary to establish desirable

forest reproctuction, reduce soil erosion, and provide Although fully mechanized operations do the best

acceptable wildlife habitat and esthetic conditions, job of residual stand removal, during the next 10

Residual conditions resulting from the three harvest- year's the partially mechanized tree-length system

ing systems -- siash cover, impact on soils, disturb- probably will be more widely used to move tree-length

ance of the shrub understory, and damage to residual aspen tirnher from stump to landing. This system_ _rces ........were examined on commercial logging opera- eliminates 50 percent or more of the residual stand

tions. The utilization of aspen was complete by cur- and advance reproduction, but still does not accomp- !i_:.i
rent market standards. All merchantable aspen trees lish the full stand removal needed in aspen manage-

6 inches in diameter and larger were cut :for pulp- ment. A survey of 1,700 acres of aspen type in Hub-

wont. Because of variations in market contracts bard County harvested by this method showed good
arnon_._ operators,, merchantable trees of other species reproduction --. 7,000+ stems per acre 3 years after

were not taken on all the study areas. No special re- logging. However, the survey also showed that 26

quirements were imposed on operators. Thus, the con- percent of the poor-site plots and 41 percent of the
dition of these cutover areas probably are typical, good-site plots were stocked with tolerant hardwoods

1 inch in diameter and larger. ;::=

Damage to Residual Stand The effect of leaving this residual stand free to

Where aspen is managed for continuous timber grow was shown bv a study in the Pike Bay Experi-

production, the harvest cutting should remove the mental Forest in Cass County, Minnesota. A well- !i_

total stand---merchantable trees, nonrnerchantable stocked stand of aspen that was established after
clearcutting was thinned at age 13, and the invading

trees, and even advanced reproduction. Previous stud- tolerant hardwoods were removed. An untreated ii)'!
its and observations show that the completeness of clmck area was left for comparison. Thirty-five ,,'ears
the clearcut varies with stand conditions and the de- later, at age 48, all the volume in the treated area !;
gree of utilization of aspen and associated species.

The harvesting sytem used and degree, of mechaniza- was in aspen. In contrast, only 71 percent of the ,_;i

tion involved also have a great impact on the condi- volume in the untreated check area was in aspen;
_ the rest was in hardwoods that were generally inferior ::

tion of the site after logging, in value and quality.

A comparison of the three harvesting systems using It is suggested that pilot plant trials be conducted
manual felling and machine skidding shows that the

now to determine the feasibility of requiring the re- {

tree-length and full-tree systems eliminate more of moral of this residual material as part of the har-
the residual trees than the. shortwood system, A strip- vesting operation.
cutting pattern with shortwood logs bunched on or

along a skidroad confines the skidding activity to a

limited area, whereas moving full trees or tree-length Ground and Understory Disturbance _
logs distributes skidding effects randomly over the

l

area. The use of heavv machines in the forest has raised

concern about their effect on soils and understory

Fully mechanized operations result in a more com- vegetation. The degree of disturbance observed in

plete clearcut titan pa.,-tially mechanizect operations, these logging operations was described by the follow-

Where machine felling was used, 90 percent of the in,,., classes"

nonmerchantable trees 1 inch in diameter and larger

were eliminated to facilitate harvesting of the mer- None.- ......No disturbance to soil or shrubs.

c}iantable trees. In manual felling, only 65 percent

were eliminated; although some were knocked down Li._ht.- .......Wheel tracks of machine visible, no rain- :

in the skidding operation, the cutters found it more eral soil exposed, litter layer packed. Brush layer

efficient to walk around the nonmerchantable trees, broken clown or bent. Machine usually traveted on
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area only once in skidding full trees or tree-length for successful aspen regeneration and browse produo ,_spen la
logs. tion. Tile largest _nount of shrub uprooting and _:{,chani_

density redtiction results from use of the full-tree t'_lrbance

Medium. Wheels or logs broke through litter system followed in order bv the tree-length and the
.... l'tm a_

layer, mineral soil exposed, compacted. Shrubs broken shortwood system. However, if an effort was made to

down or uprooted. Machine may have traveled on distribute the skidding activity over more area, equal si!vicultu
same trail several times. Wheels did not break into amounts of brush disturbance could result from all r_cccis fit

root mat. three hacv'esting systems, t}_at for
rcctuirem

Heavy.--Same as medium, except area used sev- Slash Cover cost. Me

eral times as a main skidding trail for long skidding t_aif are

distances, often resulting in deep ruts and severing of About a third of th,e area harvested by the short, crop.
roots to a depth of 4 inches or more. This situation wood and tree-length systems was covered with slash

can develop with only few trips when the soil is wet. from limbing and topping trees: however, the slash
patterns were different. On the shmtwood area the A limi

The greatest disturbance resulted from use of the slash was arranged in continuous rows parallel to the !__'amebi_

full-tree system and summer logging (table I ). Ma- cutting strip" on the tree-length area it occurred in _ctuirem
chine activity increased the soil bulk density in the randomly scattered piles. Where full-tree logging was There is

heavv and medium disturbance classes; this occurred used, slash covered less than 10 percent of the area _reas bu

on 35 and 45 percent of the tree-length and full-tree and was concentrated so it could be safely disposed I iairlv sn:
areas respectively, and 25 percent of the shortwood of by burning or chipping. !

area. Medium and heavy disturbance occurred about 1. Ab(

35 percent less often on winter-logged areas than on Slash from clearcutting aspen does not prevent i i;roduce(
summer-logged areas, establishment of a fully stocked stand of reproduction _ _ime.

by suckering. In fact, the three harvesting systems

Table 1. Understory and ,_round disturbance by are equally acceptable for stand establishrnent. Other '2. Th_

harvestin_ system, in percent of area disturbed multiple-use benefits such as scenic values and wild- forestry
life habitat improvement, and the need for prescribed _mall ar_

t - 0_t_b .... ¢_a._ burning or hazard removal should be considered when

Harvesting syste/n 626 and

• so,,e : ,.tght : Ued*_ : Uea,,y making a choice of aspen harvesting systems. -146 in I
Shortwoocl 51 26 15 8

Tree length 34 28 29 9

F_n _r_o _ ao a5 _ COST COMPARISON ',_. Lar

Few data arc available for comparing the costs of ized ope

Aspen reproduction became established immedi- aspen harvesting systems. The limited information z.t,0( c_

ately after logging except where heavy disturbance gatherecl in our studies shows that the costs for full wetl-stoc

occurred. Fall- and winter-logged areas were stocked mechanization are higher than for partial mechaniza-

the following summer. Spring- and summer-logged tion at current machine and labor rates. However, 4. Th

areas were stocked by fall. Only scattered trees and production rates pet" hour are much higher with full able lan_

grasses became established on the heavily disturbed mechanization, lessen tt_
a re as.

One study compared production rates and deter- It is i

These measurements indicate that heavv disturb- mined sih'icultural impacts of four mechanized har- ltwet tit,,
20- to

ance of an area may limit regeneration and accelerate vesting methods that might be used by a small oper-

erosion on steep slopes. No such adverse eft'ects have amr. The study stand was 50 years olcl anct had a often re

actually been observed, however, possibly because this volume of 18 cords per acre with eight trees per cord. are loc_,

disturbance class makes up less than 10 percent of tim Harvesting cost per tree (stump to landing) varied (_f harv

area and occurs in scattered small patches, from 34 cents with manual felling and limbing with permit

tree-length skidding to 40 cents with machine felling manage:

Aspen silviculture and wildlife habitat improve- and bunching with full-tree skidding and manual

ment guides recommend heavy disturbance of the timbing. Tlw highest procluction rate ..... 3l trees per 'Fhel

shrub understory stands during the logging operation hem .... and the best residual stand conditions for Iong-rm
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aspen land management were achieved with full in future planning. Even the small operator can be-

mechanization. The area was free of slash, shrub dis- come a large producer })ecause a two-rnan crew can

turbance was heavv,,, aac_",_ few residual trees remained, harvest more tiian 00 cords per week. As mechanized

harvesting becomes the comrnorl practice, careful

The additional cost that wilt result from including planning will })c necessary to m(,et both the objectives

silvicultural treatments in the harvesting operation of efficient year-round timber production and aspen !
neecls further stuch'. Available informatior_ indicates land Inanagement.

that for stands uncter 55 years of age, including this

requirement will have little m_pact on production SUMMARY
cost. Most of the residua! trees are small and at least

t. [n the next decade up to three-fourths of a mil-

half are destroyed when removin_ the merchantable lion acres of aspen stands age 40 years and older
c,op, will be harvested in northern Minnesota. How this 7{!

Size of Area area is logged will influence both the future manage-
ment costs anti the quality and yield of timber and

A limitation on size of ciearcut is recommended by wiidlife. Silvicultural requirements for aspen based

game biologists and landscape planners to meet the on researc}l and experience are available to guide the

requirements of wildlife habitat and forest esthetics, harvesting program.

There is no information on the size of cur_ent cutting
areas but there are several indications that most are 2. Mectmnization tins changed harvesting methods

fairly srnall: in aspen. It has provided ways of removing t}le forest
crop that will result in residual forest conditions fa- :ii:_'!i

1. About 50 percent of the timber cut annually is vorable to aspen land rnanagement.

produced bv small operators, many who log only part :'i:¢
time. " 3. As currently applied, mechanized harvesting has

little adverse impact on forest soils or watershed con-

2. The large number of sale permits issued by public ditions.

forestry agencies indicates that cutting is done on 4.. Xlecllanized harvesting has the potential of re- _:
small areas, In 1967 and !968 these agencies issued moving nonmerchantable trees and disturbing the

626 and 617 permits in Itasca County, and 469 and stuub understories requirements for stand establish-
t-46 in Beltrami County.

ment and growth and for wildlife habitat improve- :

ment) as part of the logging operation.
3. I,arge timber producers who have fully mechan-

ized operations will log areas whh volumes of 500 to 5. Pilot-phmt tests are neecled to determine the,

1,000 cords. Such volumes can be harvested from costs and stand c'onditions under which silvicultural,
,veil-stocked stands on 20 to 40 acres, wildlife lmbitat, ancl esthetic requirements can be

included in the logging operation. Similar tests are
4. The scattered landownership pattern and vari- needed to determine methods of adapting size of _v.

:_t,le land conditions of soils, swamps, and topography clea,'cut tc, meet both land management needs and

essen the chances for large cutting units, timber production requirements.

is possible that most individual timber sales now 6. Good aspen silviculture (.:::In provide the stand !i!:i
_met the area recommendations of game biologists-- structule and conditions necessary for efficient use

!0- to 40-acre cutting units. Large clearcut areas of meclmnized harvesting, as sllown in the following i
-_ften result, however, where a number of small sah's tabulation: i :

tre located next to each other, Better coordination :,>
)

_f harvesting,, among_ !-_,-c,-o,_,_,,forest landowners may, Conditions best [or SiIgqcultura[ eotMitions

)ermit meeting the muhiple-use needs of aspen land mackine performa1.,ce for aspen ma_agcment
nanagement.

Clearcutting. Complete clearcut best for

The potential impac_ of mechanized harvesting on regeneration and stand

:rag-range aspen management should be recognized development.
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Harvesting one product Pure stands grow best and concept in cellulose production, silage sycamore. U.S.
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of aspen (:utover areas in northern Wisconsin. J. For.

per acre and uniform fully stocked. 54: 13-16.
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MANAGEMENT AND THE FOREST INDUSTRY !

Richard W. Schneider, Assistant Woodlands Manager

Blandin Paper Company, Grand Rapids, Minnesota

1!
ABSTRACT.--The forest industry of the Lake States is vitally concerned with ii
the future of the aspen forest. Use of this resource is increasing significantly. Industry _,.
has three major concerns regarding the utilization of aspen" (1) the resource supply
data is old and out of phase with demand projections being made; (2) a number
of problems must be resolved in timber management and harvest; and (3) a bal-

anced plan of multiple-use management for the aspen cover type is needed.
,!

i
!

SUPPLYAND DEMAND How does industry view the future aspen supply-
demand situation _ This is probably one of the most

To state that the forest industries located within frustrating problems continually facing the respective

he geographical boundaries covered by this sympo- company woodlands departments. Market conditions _!i_}
ium are interested in the a_en resource would be may indicate the advisability of significant capital

gross understatement. Recent t,ends in the utiliza- investment in plant and equipment for the produc-
ion of this resource and projected future consumption tion of aspen-based products. The question is then

:_vels firmly establish industrv's commitment to and tossed to woodlands managers for an analysis of the

[ependence on the aspen species. A great deal has long range resource supply situation. The traditional

been written regarding the aspen supply and demand routine of examining allowable cuts, current harvest

ituation for this symposium and will contintm to be levels and estimating surpluses within the supply area

subject of primary importance to industlw in the of interest then begins. Unfortunately, a report final-

uture. Many statistics have been presented and ana- ly goes back to management with estimated resource _:_i
,:zed by those more qualified than this author. Thus, statistics carrying a plus or minus 50 percent factor

clmose not to belabor this point, but merely wish for unknowns. I am encouraged by the papers pre-
bring forth a few figures to reaffirm our position, sented at this session which indicate the possibility '

of more sophisticated methods that may be applied

During the period 1946 to 1970, pulpwood produc- to this subject of resource availability and should :
on in the Lake States, including all species, increased eventually result in more accurate projections.

,om 2f4 million cords to over 4}.(_ million cords.

)uring this same period, the aspen harvest alone In the interim, however, we are faced with the cur- :
mreased from 713,000 cords to 1,967.000 cords. The rent dilemma of dealing with estimates based on data

spen volume percentage of all species harvested containing many unanswered questions. Aspen inven- i1
mreased from 32 percent in 1946 to 46 percent in tory and allowable cut data is old and extremely diffi- i
970. I The pulpwood production levels should serve cult to utilize, lit has, to date, been a poor base for

an adequate guMe as it appears from analysis of the investrnent values which are dependent upon this i

_source consumption reports that pulpwood corn- information. Current estimated aspen surpluses look
_-i_s rot@fly 75 percent of the market. This brief inviting to production people and the general public

nalysis indicates that the growth in use of aspen has in their observations of the forest resource. However,

een significant. I tind an increasing number of resource analysts

reducing their estimates bv 20 percent to 50 percent

based on unknowns apparent in the data. Again, I

* Reports o/ pulpwood production published b2 feel that the new forest surveys and revolutionary
c Nort]_ Central (formerly Lake States) Forest data processing techniques will greatly improve this i

_'perirnc_,t Station from 1948 to 197I. situation in the future.
i!
i
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Realizing the hazards mentioned above, in Septem- proven silvicultural system is attractive to loggers
ber of 1970 I attempted to project future aspen con- because it makes mechanized harvesting economical

sumpiton levels for the Lake States. A group of wild- and efficient. Yet, one of the greatest threats to the

life managers were interested in this same subject, future potential of the aspen forest is by well-meaning

The analysis at that time indicated that the forest but poorly informed concerned conservationists who

industries of the Lake States would be rapidly closing would terminate this required even-aged management

the gap on present estimates of aspen surpluses by practice. It is evident that industry is probably most
t980. These observations were, of course, made from concerned about the long range effect of such a

existing forest inventories and based on current levels threat should it materialize due to its potential catas-

of aspen management. At this point, almost 2 years trophic setback to the aspen supply picture. Everyone

Iater, aspen use is growing and the projection of interested in the future of the aspen forest resource

nearly complete use of the aspen resource within the should promote the merits of properly applied even-

next decade seems within reason. It also seems reason- aged management and its long-range multiple-use
able to assume that aspen utilization will remain benefits.

strong as tong as it continues to be a significant com-

ponent of our forest types. Several other problems concern industry in the
management and harvest of the aspen type. Most of

A few brief comments regarding the reasons for these occur in the contracts for sale of aspen timber

industry's increased interest is the aspen resource are by public agencies upon which the Lake States forest

probably in order. Aspen was elevated from its "weed industry is highly dependent. I would not question

tree" status in recent years due to advanced tech- the intent of the objectives outlined in sale contracts

nolo_/in its utilization and its increasing availability for improvement in the quality of the new aspen

over the past twenty years. Research resulting in ira- forest which will follow the harvest; however, the

proved harvesting, processing, pulping, and milling methods remain of concern. Stand improvement

methods has proven that aspen contains chemical and techniques carried out as part of the timber sale, such

physical properties desirable to the manufacture of as residual stem removal, slash distribution and man-

quality forest products in this region. The occurrence agement, and access road construction, are in need

of aspen in relatively uniform and pure stands makes of clarification insofar as the cost of logging is con-

it a desirable species "from a logging cost viewpoint, cerned. Contracts indicate that such requirements are

Its favorable growth rate, short rotation, and ease of allowed for in the detern'fination of stumpage rates.

regeneration on a range of forest sites usually results It is apparent, however, that considerable additional

in a favorable forest management analysis. The work must be done to more accuratelv identify the

manipulation of the aspen type has proven to be of costs involved to the logger. Also, it may be advisable

sig-nificant value to deer and grouse populations of to accomplish many of these items on a post sale

the Lake States. Thus, the aspen resource is a versa- treatment contract that is completely removed from
the harvesting operation. Whichever system is used,tile forest cover type which responds favorably to

multiple-use forest management objectives as well as the costs must be accurately identified.

having a ranking position in the forest products raw In aspen management, industrv is obligated to do
material supply picture.

an efficient job of har_'esting and utilization. Over the

! last decade, important advances have been made.

MANAGEMENT AND HARVEST Increased demand for aspen has resulted in a much
q 'If we now agree that aspen is of major importance more complete job of utilization in the I_ 70 s than

to the future of tim Lake States forest economy, let was ever envisioned in the 1950's. The development

us look briefly at some of its timber management of mechanized harvesting by loggers has resulted in a

problems as they relate to the consuming industry, much better job of harvesting. There is still room for

I doubt that there are many involved with the sympo- improvement and the outlook indicates that progress

slum that would dispute the fact that aspen at rota- will continue at an accelerated rate with the construc-

tion age must be harvested by clearcutting. Intensive tion of additional aspen-consuming facilities. The

research has proven that this practice is ecologically advent of the metro-harvesting system utilizing all

sound and must be used if the aspen type is to be trees to a 2-inch d.b.h, class is an example of recent

maintained at its highest level of productivity. This developments.
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The public land agencies also have an obligation Manipulation of the aspen type is showing increas-

to facilitate efficient harvesting. Some advances have ing potential in the management of the Lake States'

been made, such as area estimate sales, acceptance major game species, deer and grouse. Habitat im-

Il of weight scaling, and consumer scale. However, the provement has been realized for many years from

logger feels that more improvement can be made. ahnost every aspen harvesting operation. Benefits such

Many requirements are added to the contract without as increased browse, openings, stand edges, and vari-

any advance ciiscussion with him and without any able stand age classes have been an indirect result of

test or studv to determine what impact these require- harvesting operations and of major value to wildlife

ments will have upon the logging operation, populations. This has all been accomplished by log-

ging at no additional cost to wildlife management.

If we consider that proper harvesting of the crop In turn there has been no special design in the timber
sale for wildlife management and general loggingis the most important forest land rnanagement prac-

tice in managing aspen, then tile key man in aspen costs have not been affected. Recent proposals indi- ::i_

management is the logger. The success of the harvest cate that aspen timber sales should be planned for
and renewal of the stand is essentially in his hands, specific objectives in wildlife management. Items such

He must be considered a partner to the forest man- as size of harvest area, pattern of cutting, distribution

ager in accomplishing the management objectives for of openings and edges, and residual cover areas are a .!_ilJi.:,

aspen or any other forest cover type. He should be- few examples.

come a part of the decision-making process in devel- :::i

oping contract conditions. A logger who understands Research and rnanagernent experience has indi-

the long range objectives of the harvesting plan cated that these changes in harvesting patterns may
through continuous field contact by management per- be desirable and we will ,,,,'ant to include some of

sonnel will in the majority of cases respond favorably these objectives in future sale designs to a practical

and go that extra step to comply. The logger of today degree, tfowever, many of these changes will result

is generally a cost-conscious businessman and vitally in increased logging costs due to required changes in

concerned with the continuous yield of the forest for operating methods. This additional cost should not

his livelihood. He is an integral part of the manage- be borne by timber management budgets and loggers :i_

ment process arm not a separate step to be. considered alone. Many others will benefit frorn these improved i:',_,

as a necessary evil. A mutual understanding of prob- tectmiques and should share in the costs involved, i
terns will be a major step toward better silviculture Also, at this point in time the wildlife management : :_,/,,

and utilization of the aspen resource, euidelines have not been firmly established. Before ;;_,
o ' 1 !;ii_,they become contractual requirements, they shou d be ....

evaluated as to irnpact on production costs and the

MANAGEMENT AND MULTIPLE USE logger shouM participate in these decisions, i',, :
i'!!

Industry is concerned with several multiple use The esthetics of aspen harvesting is of major cur-

benefits other than timber from tlle aspen forest. The rent interest. Objections arise claily to the appearance !i

current concern for more attention to wildlife, esthe- of areas following harvest. I believe we would all i!::,
tics, wate_hed protection, soil disturbance and recre- basically agree that there is no visual appeal to an :

i

ation vMues in the management and harvest of aspen area immediately after logging, t-[owcver, the appear- " !iis substantial and growing daily, hnprovements and ante does not usually relate to the quality of aspen

changes in procecltu'es are. no doubt, neected in man- managmnent. Esthetic improvement beyond standard i {

agernent practices. Itowever, past aspen management slash disposal and orderly logging requirernents are i
plans need not be apologized for because they have additional costs for benefits received other than eco-

been, for the. most part, in line with economic corMi- nomically sound forest management. Changes in log-

tions, markets, ancl most public needs. Current envi- ging requirements and resulting costs which include
ronmcntal interest has now br-ouollt forth a number size limitations of cutting area, slash disposal require-

of new concerns that rntlst be consiclered in the plan ments to reduce visual impact, landscaped cuttings,

of rnanagement. N[ost of these concerns focus on the and reserve screens must be recognized for their 1

harvesting operation arm will result in actditional tog- esthetic value and not solely as a cost of timber man-

ging costs of varying degrees, agement.
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This same analysis would apply to other multiple- SUMMARY
use values of tile aspen forest. Many of the sug-
gested changes directing more attention to values

In summary, the forest industry of the Lake Statesother than timber are meaningful and desirable. How-
is dependent upon and consequently vitally concernedever, these additional management costs must be
about our aspen forest. We strongly endorse the re-evaluated and assessed to the respective benefit de-
search and management studies devoted to aspensired. Timber management and log_ng cannot absorb

these costs alone. The other amenities to be improved which are presented in tiffs symposium. The studies
through aspen management must carry their share related to the supply and economics of the species
of the load. will assist industry by providing more reliable data

for potential expansion estimates. Utilization studies

will be of significance as the demand for more com-
As a final note regarding multiple use of the aspen plete use of th,is resource continues to grow. Additionaltype, I would like to make a special plea to all agen-

cies concerned with research and management. It is contributions through genetics, silviculture, ecology,
and protection research will be of increasing valueeasiest when pressure is mounting for attention to a
to the forest manager. Finally, research efforts inparticular facet of management, to pursue this item
the related use fields will assist in keeping us on thein the name of progress. We are in need of better
right track insofar as balanced use of the forest is

balance in striving for improved multiple-use manage- concerned.
ment. In a hit-and-run approach to a specific prob-
lem, we may often be tipping the scale farther rather

than heading toward a desirable level. There is a real I have referred to some problems that are of

need for the forest manager to draw together the concern to the forest industry regarding the supply,
best techniques from all disciplines concerned in an demand, management, and harvest of the aspen for-
attempt to develop a balanced plan of management est. However, it is my firm belief that the exchange
for the aspen forest. Such a balanced management resulting from this symposium will contribute sig-
plan will be practical and will result in realistic cost- nificantly toward realization of the full productive
benefit ratios, potential of this key Lake States' forest resource.
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Some broad new objectives that we must consider portant habitat factors. So size of area harvested, shape f_

in managing our aspen are: of the area. and distribution of the harvest areas must ti

be considered in managing aspen stands. Of equal tt

® To promote and achieve a pattern of natural importance for wildlife are decisions regarding con- r_
resource uses that will best meet the needs of people version of the type to conifers or northern hardwoods, tt
now and in the future, f(

Fire protection is also a consideration in aspen man-

® To protect and improve the quality of air, water, agement. In large areas of pine, strips of hardwoods

soil, and natural beauty, are desirable for fuel breaks and for fire fighting P
purposes. Aspen may be regenerated for this purpose b

• To generate forestry-based job opportunities to even though the soil is more suitable for pine. Sep- sI

accelerate rural community growth, arating pine stands with aspen strips also dovetails c_
with wildlife and esthetic needs for diversity in a:

® To encourage the growth and development of conifer areas.

forestw-based enterprises that readily respond to
consumers' changir_g needs. Environmental protection, of course, is paramount. _r

• h

Therefore, soil, air, and water protection needs may

• To develop and make available a titan scientific influence management decisions for aspen stands, t_n

base for the advancement of forestry, ti

EstheticObjectives f_
In order to meet these broad objectives, we have se

changed our concepts of aspen management. No The esthetic values of scenic areas, heavily used it:
longer do we confine our thinking to wood produc- recreation areas, and travel corridors need to be pro-

tion alone. We must fit aspen lands into the total tected. In these areas we are particularly concerned

resource and environmetal picture. We have consid- with the appearance of timber treatments. High con-

erations that change or modify strictly timber produc- trasts in form, line, color, and texture, such as occur

tion options. Moreover, a choice of action is not based in a poorly designed aspen regeneration cut, have a tt

on simple rules and it cannot be made for any single negative visual impact. With skillful planning, the ai
stand of timber in isolation from the surrounding visual impact of cuts need not be shocking. Size,

land and human developments, shape, distribution of cutting units, topog'raphy, vege-

tation, and viewing distance can all be used to mini-

Timber, Wildlife, Fire, and Environmental mize contrast and maximize continuity in the land-

Objectives scape.
• Ix

dl
Both the wildlife and timber commodity values of The size of an aspen clearcut largely determines k,

aspen are important factors in management. But, its visual impact. Normally, small cuttings are pre- A
because these subjects are examined in great depth by ferred- a number of them made at different times can a_

others at this Symposium we will only mention them provide a variety of age classes. But simply setting a ci

briefly here. single upper size limit on cuts is not the answer, ai
Resource values, deviations front the surrounding or st

Certainly, we must continue to consider the nation- characteristic landscape, and the apparent size created e:
al need for timber which clearly calls for the inten- by the viewing distance, must all be considered. The

b,
sification of management for conifer sawtimber, in- appearance of even large cuts can be improved by Ia
eluding the conversion of aspen to conifers. And, we leaving trees standing near natural features such as

will consider local industry needs for a continuing botddcrs, rock outcrops, tlills, ponds, and marshes; st
aspen wood supply, the apparerlt size of cuts can be reduced bv restricting

the viewing distance.

Aspen is extremely important for the maintenance

of good wildlife habitat. The total area in aspen, the An aspen clearcut can be shaped to blend in with

mixture of age classes, and the spatial relationship of the characteristic landscape. Straight cutting lines,

aspen stands with stands of other species are all im- strips, oz rectangular blocks should be avoided in sx
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area. However, "conversion" is loosely used and may about 25,000 acres of aspen are being given regenera-

not be strictly true because we are usually restock.ing tion cuts annually. The area on which aspen is to
the area with species that originally grew there and be maintained is currently about 21,000 to 22,000
are gone because of repeated fires after the vir_n acres. On ahnost one-half of this area we are invest-
timber was logged, ing funds to complete the removal of residual stems.

This compares with virtuallv no investments in aspen

Much of the aspen is on well-drained sandy soils regeneration only 5 years ago. In the short run the
that formerly supported the pines. On these areas we proportion of treated stands will increase as we con-
consider reforesting with pine rather than regenerat- tinually intensify management and work off the
ing another stand of aspen. Economic analyses will backlog of 3-, 4-, and 5-year-old cuts being treated.
usually indicate a favorable return in reforesting with On some areas the commercial cut does a good job
conifers. It is also desirable in light of long-term of regeneration and no investment in further treat-
outlook for needed conifer sawtimber. However, more ment is justified. If utilization of smaller trees im-
immediate needs for wildlife habitat often outweigh proves, the area that does not need treatment after

the timber consumption considerations in deciding to the commercial cut will increase.

maintain aspen on pine lands. To a more limited About 3.000 to 4,000 acres are being changed to
degree, fire protection and water yield considerations
favor aspen management on a portion of the pine other timber types annualh,. One-hag of this is nat-

ural succession, primarily to hardwoods; the other
lands, half is artificial reforestation to red pine or spruce.

On the other hand, harvesting in other timber types
The other site extreme is the area of poorly drained

soils often with rather poor aspen stands. Some of such as oak, jack pine, spruce-fir, and hardwoods isresulting, in 2,000 to 3,000 acres of aspen type being
these sites can be readily planted with spruce. How- created annuallv.
ever, some areas are rocky or have dense vegetative

cover and are costly planting chances so that it is Inoperable, poorly stocked stands are also being re-
difficult to decide what to do. We have tried different forested with conifers or are being treated to create
techniques but do not have ready answers. Again, new well-stocked aspen stands. We do not know the
some of these areas have high wildlife values, extent of natural succession of aspen to other types

where there has been no treatment. Undoubtedly
RESULTS OF MANAGEMENT some of this is occurring but will only show up in our

periodic timber inventories. All told we expect to see
What are the actual results of management de- less reduction in the aspen type in the near future

cisions made on the National Forests? Currently than has occurred in the past.
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Where are all the planting chances? Field Reconnaissance
What stands should be considered for shearing for

wildlife and when. Each stand in the forest is examined. Some 23

When markets do not absorb all the aspen, what separate pieces of information for ,zana_ernent pur-

stands are let go? poses are collected for each stand including type,

Where do we put public works or inmate crews acres, year of origin, total height, rings in last inch.,

when they become available? site index, basal area, volume, management objective
and prescription, logging chance and operability,

The supervisory staff and administration wanted recreational potential, soil type, projected year of
to know: harvest, year of treatment, and remarks.

When research finds occur, can the plan for each
About 300 thousand pieces of detailed information

forest be changed readily and rapidly? on a 100 thousand acre forest are then fed into the
When catastrophic losses occur, such as fire or in-

computer.
sect mortality, can acreage control be corrected

readily? ADP Programming
When a forester is transferred, can his replacement

reach the same productive field efficiency within a Computer programs are developed to provide man-

few days on the job? agement data (not inventow) based upon the input
How many foresters are necessary on a given forest of administrative decisions and latest research find-

to meet the work load? ings. An example will clarify.
What is the necessary annual budget to do the

cultural investment work? The decisions regarding aspen were to:

Will a stand receive treatment at the proper time Harvest at a rotation age as calculated from the

to assure maximum growth, income, and employment site index of the stand.

opportunity? Program no thinning cuts.

What can we expect in volume and revenue from Program release of valuable undm_torv.

each forest by year? Strive for equal age class distribution of aspen type

Hove can we manage the total forest to achieve on the forest within limits of 5 yem_ plus or minus
maximum benefits to the public from timber, wild- rotation age.

life, and recreation? Enter a compartment twice during 15 years if

necessary to prevent loss of growth or degeneration

New Management System Developed of the stand.
These are simple calculations wb.en done by data

A new system was developed and implemented to processing.

answer these questions. It consists of five components:

Forest type map. The Printout

Field reconnaissance. The printout generated shows b)" 3'ear what indi-

ADP programming, vidual aspen stands (and other tylx'S should be sold

.Management printout, that year.
Multiple-managemoqt coordination.

Let us define each component. This is the guideline to the forester. He mav vary

from it. It does not usurp the forester's professional
Type Mapping judgment when he visits the stand 5. 10, or 15 vears

from now. He manages the forest: we supply the

All forests are 100 percent cover type mapped and guidelines.
broken into compartments of approximately 700

acres each. Then individual stands in the compart- Multiple Management
ment are numbered for identification purposes. We

can now refer to compartment 47, stand 19 and Essentially only timber management has been dis-

readily identify the individual stand. Survey descrip- cusv:,d to this point. Now about the other facets of
tions are too broad to use. Stands average 8 acres, managemer_t such as game. tish, and recreation.
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To assure land is managed in tile public interest higher degree of acceptability are presently being

rather than in the interest of the discipline that ad- developed. It will require field investigation of each

ministers tile land, the game manager, fish manager, stand, prescribing what will be done specifically, and

and other technicians plan their optimum manage- recording the data for a stratified printout showing

ment of the same land as if they "owned" it. Conflicts by year what is to be done and where.

are then resolved at the lowest possible field level
based upon the public need and benefit. Tt_ree exam- It has been our experience that objectives set by

ples will be helpful, one forester for esthetic management will carry on
into the future and not be destroyed when he trans-

CA) A fish manager plans stream improvements fers only if the work is programmed and scheduled I!

on a trout stream plagued with beaver. He suggests by year. :!I)immediate harvest of an immature aspen type that

was scheduled for cutting in 1982 and a change in Does the Wisconsin System Work?
the management objective for the stand from natural r !

"_es. The forester knows where to go to do his i!!!

regeneration of aspen to conversion by planting. The work. Field efficiencv is improved. Stands receive
forestry objectives are changed to provide poor beaver

treatment at the proper silvicultural time. When _!:

habitat and more shade on the stream. The printout markets or personnel are inadecluate , stands to cut :'
is altered to schedule by ?.eat" a new cutting date. and not to cut are identifiable.
planting, and chemical treatment.

(B) Game management input is highly complex \Vith personnel transfers, a new forester can pick
up the fieldwork within 2 days. \Vhen new research

particularly for deer. Three separate printouts are
provided the forester and game manager to assist in findings, administrative decisions, or catastrophic !

decision making: losses occur, all forest plans can be changed in 2 days. _'
And. land management is maximized for wildlife,

l. Critical acreage determination. Wisconsin re- esthetics, and other products of the forest.
i

search has shown good deer habitat requires at least . !_
Does vour management system, provide these bene- _"

25 percent aspen type within each 6,000-acre area. fits? !
The printout identifies where "shortages" exist and i

where shearing or other treatment may be required PRIVATE LAND MANAGEMENT,v .,
to prevent loss of aspen to natural succession. In

these areas, aspen shearing is programmed if more A staff of 57 foresters in Wisconsin assist some
than 30 feet of residual basal area remain after 8,000 private lanctowners annually. Tile equivalent of

the timber sale and if the regeneration objective is 67 million board feet was marked or designated for
for aspen after a joint review, cutting on private land in the past year. The volume

of aspen involved is unknown.
2. Areas of poor site index. The poorest site

index of about 15 percent of the total aspen Our recommendations for aspen are based upon" :

acreage on each forest is identified. A printout
I. USDA Forest Service, 7"ir_2ber Ma_zagcme_zt

schedules these stands by year for shearing or

treatment on a 10-vear cycle for natural food Guide for aspen-white birch.

patches should the game manager so elect. Many 2. Harvest at a rotation age according to the site

of these stands are fully stocked but on poor sites, index of ttm stand. Site index curves showing the

p_escribed rotation ages are used by the foresters.
3. Areas of poor operability. Aspen types of poor

operability are identified on a printout for decision 3. The landowner's ob.jectives. The pure sitvicul-

by the garne manager as possible shearing sites, rural approach is often altered by the objectives of
tl_e landowner. Successful service foresters are masters

(C _ Recreation is a broad term. Esthetic rnanage-

ment in relation to total acreage is most important, at determining the mortgage and interest rate on
the farm. the neec[ for a new tractor, or the interest

Our public land is zoned for various uses such as of an absentee owner in wildlife or esthetics. The

established esthetic management zones. Variations needs and desires of an owner are considerecl in

in normal silvicultural cutting practices to achieve a makings,_ management |_.commcndations.
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C. J. Heeney, R. P. F., Silviculturist eo

Division o[ Forests, Ministry o[ Natural Resources

Toronto, Ontario, Canada

_a

ABSTRACT.- The management of native aspen in Ontario has progressed more z

slowly than that of other species. Now, however, some species which have been used
traditionally bv industry are slowly being supplemented, or replaced, by poplar.
This increased use has emphasized the inadequacy of present inventory data for

poplar species and the quality of reproduction after logging. The use of fast-
growing hybrid poplars in selected are_ is one of the more promising methods of
meeting local shortages of native aspen.

In Ontario there is minimal management of aspen INVENTORY AND MANAGEMENT
stands at the present time. Tiffs species is abundant, OF OUR PRESENT RESOURCE
versatile, and productive, but in the exploitation

stages of forestry pine, yellow birch, spruce, and The annual allowable cut of poplar in net mer-
maple have been preferred bv industry. Only in re- chantable cubic feet in Ontario is between 400 and

cent years has aspen received any attention, and this 500 million cubic feet. Tile exact figure is of aca-

: has been sporadic, at best. An indication of increasing demic interest only. Flowers (1970'_ compares three
interest is the number of recent conferences on sources of data for an allowable cut. ranging from a

poplars" high of 7.38 million cubic feet to a low of 260 million
cubic feet. Ontario ranks second among the Canadian

1. Poplar Symposium, Harrison Hot Springs, Brit- provinces, close behind Alberta, in allowable cut of
ish Columbia, 1967. poplar ifig. l, Fitzpatrick and Stewart 1968).

2. International Poplar Commission Meeting, Poplar represents 49 per cent of the hardwood

Maple, Ontario, 1968. volume and 18 per cent of the volume of all species
in Ontario. The major poplar area across the north

3. Poplar Workshop, Maple, Ontario, 1970. contains 78 per cent of the total poplar volume in the
province with ahnost 50 per cent centering in the

In government service, I have come to measure Kapuskasing-Cochrane, Thunder Bay-Sioux Lookout
intent by expenditure. In Ontario. little has been forest districts (fig. 2).

spent to date on aspen research or management.
Perhaps more important than the actual volumes

In the poplar working group, work has been pri- and surpluses of aspen timber is its utilization. Nat-

marily restricted to harvesting the present timber ural stands have been mainly harvested, not managed.

resource. For this reason, it is preferable to divide The species is relatively sSort-lived and subject to

this paper into two sections: rapid decay. In the poplar, spruce-fir types, generally
only the conifer is utilized" the poplar component is

1. Inventory and management of our present aspen not harvested. This material is inevitably wasted
resource, under present economic and ecological conditions.

2. Research developments and future management Many poplar stands, originating from the large fires

opportunities, that occurred after the turn of the century, are now
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nearing maturity. The resultant imbalance of age and sizes of poplar are cut. The latter results in top

classes, together with the rapid decay of the species, logs and the smaller and more defective trees that
makes projections of volume and allowable cut diffi- were part of this original merchantable volume being
cult and unreliable, left in the forest. The present annual depletion in

northern Ontario was estimated at 100 to t50 million

It is difficult to obtain up-to-date, accurate figures cubic feet by Flowers (1970). This is 2.5 to 3 times
on poplar utilization for Ontario. I will use, for com- the amount utilized by industry.
parative purposes, the volume cut on Crown lands
between 1956 and 1969, as reported by Flowers Several new plants and mills are being planned.
(1970). Their requirement for poplar is not significant in rela-

tion to the volumes available. Poplar pulpwood utili-

The total cut of poplar is remarkably stable. This zation in Ontario does not show any sign of increase
because a sharp increase in the use of poplar for new at the present time. However, in Ontario present
products, such as particle board and veneer, has been conifer depletion is 670 million net merchantable
offset by a decrease in poplar pulpwood consumption cubic feet per year and is expected to reach the
(fig. 3). This trend has been demonstrated to be allowable cut of 750 miition net merchantable cubic
Canadian-wide by Clayton (1968). feet by 1980. Thus, future industrial expansion will

mean utilization of more hardwood. This should sig-

The present annual consumption of poplar in On- nificantly increase the demand for poplar by the year
tario from Crown and patent land is between 35 and 2000.
40 million cubic feet. This is only 10 per cent of the
annual allowable cut. When those volumes destroyed, For a species that comprises such a large percent-
or just not cut, from the operating areas are consid- age Of the annual allowable cut in this province,
ered, the actual depletion figure is, in fact, much poplar has received relatively little attention by re-

larger. Poplar is wasted in several ways: in some search and management. This lack of interest can be
mixed stands, only the conifer is cut and the poplar attributed to poor markets, surplus allowable cut, and
left to deteriorate; in others, only selected quality priorities that have directed stall" and budget re-

Fi_mare3.--Total poplar cut from crown lands; pulpwood volume "crosshatched).
1956- 1969.
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Table 1. The yield o[ hybrid aspen in plantations, examples o[ good growth, [rom

: : : : : : Total : Annual

Hybrid : Location : Spacing : Age : Height : D.b.h. : vol_ne : increment ' '

: : : : : : per acre : per acre

Feet Years Feet Inches Cub:Lc feet Cubic feet

P. grandidentata Gore Bay 8 12 57 6.5 3,048 254.0
x aiba Mani toulin

Island

P. alba x Basin Depot 9 15 50 8.0 2,683 178.8

grandidentata Algonquin
Park

P. canescens Basin Depot 9 15 53 8.1 3,488 232.5

Algonquin
Park

P. canescens Basin Depot 9 15 51 7.6 3,074 205.0

Algonquin
Park

P. tremuloides Elmvale i0 ii 54 5.9 1,422 129.2

x tremula Simcoe County

]_/ The hybrid aspens were developed and the plantations established by the Tree

Breeding Unit, Research Branch, Ontario Department of Lands and Forests, under the guidance

of Dr. C. Heimburger.

Table 2. The gro_'th and yield o/ hybrid poplar in Wain/feet
(Ontario) plantation at 9 ),ears of. ¢ge, 8 by 8 [eet spacing;
total area 1.4 acres, mith 14 varietier, in 2 rep{ications; examples

o/ good growing z,a_ieties; figures in brackets represent selected
measurement at I0 years of age, 1971

: : : : Me an

: D'b'h" : Height : Volume_/ : annual
Poplar type : : : per acre : increment

: : : : per acre

Inches Feet Cubic feet Cubic feet

P. x euramericana 5.2 48 2,065 229

el. "1-45/51" (5.6) (2,509) (251)

P. x euramericana 5.8 49 2,287 254

el. "I-65A" (6.3) (3,063) (306)

P. x euramericana 4.9 47 1,822 202
el. "1-214" (5.3) (2,185) (21.9)

P. x euramericana 5.2 39 I, 700 189

el. "Regenerata" (5.5) (2,023) (202)

P. a!ba x davidiana 5.5 51 2,721 292

pop. 363 (6.0) (3,262 (326)

_i/ Voltmle above 1.97 inches, based on the volume cable for

P. x euramericana cv. "Robusta" and P. canescens, by Sopp

_1962), and calculated on the basis of the average tree of the
j '

variety times the number of trees per acre.

t09 cubic feet per acre at 55 years of age, while in was given the plantations. The soil was heavy clay

" plantations MAI's between 103 and 326 cubic feet (\Vainfteet} and swampy (Grand Benct). Such soils
per acre were attained between 7 and 10 years of age are not the host for Euramerican poplars. Both
(table 2). plantations were. establislmd with rooted cuttin_ at

8-foot spacing. At 10 years of age the trees were
The growth of hybrid cottonwoods in plantations already overcrowded and the growth reduced because

in southern Ontario is shown in tables 2 and 3. The of the lack of space. Notwithstanding these negative

planting sites were prepared by ploughing and were effects, the average annual diameter growth was be-
cuhivated in the year of planting. No other treatment tween 0.50 and 0.69 inches d.b.h, and the average
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Table 3.- The growth and yield of hybrid poplar in Grand Bend,

O_ztario, pla_ztation at 7 years of a/:e, 8 by 8 feet spacing; total

area 1.8 acres, with 7 varieties, in 3 replications; examples o[ good

_rowiny, varieties; figures in bracket; represent selected measure-

me_zts at 10 )'ears of age, 1971

: : : : Me an

: : : Vo iume_/ : ann ua i

Poplar type . D.b.h. . Height : per acre : increment

: : : : per acre
Inches Feet Cubic feet Cubic feet

P. x euramericana 4.8 40 1,371 196

cv. "1-214" (5.7) (2,211) (221)

P. x euramericana 4.0 35 866 124

cv. "Eugenii" (5.3) (1,796) (180)

P. x euramericana 3.6 31 601 86
cv. "Marilandica" (4.8) (i ,292) (129)

P. canescens x 3.6 721 103

(alba x grandidentata) (4.8) (1,642) (164)

pop. 355

i/ Volume above 1.97 inches based on the volume tables for

P. x euramericana cv. "Robusta" and P. canescens, by $opp (1962) and

calculated on ti_e basis of the average tree of the variety times the

number of trees per acre.

annual height growth between 4.4 and 5.7 feet. At 10 on investment over a period of two rotations. Stump-

years of age, the mean annual increments (MAI) age values of $2 to $3.00 pet" cord were obtained

of the best clones were 221 cubic feet pet" acre (table after compounding establishnmnt and tending costs

3) and 306 cubic feet per acre (table 2). at 4 per" cent over the length of the rotation.

In two other test plantations, established with No valid comparison can be made between the

rooted cuttings without stems on fresh sandy loams growth of Euramerican poplars and the growth of

in the spring of 1969, the best Euramerican poplar native eastern cottonwood because of the lack of

clones reached an average height of 12 feet and adequate information. However, the available data
measured 1.5 inches d.b.h, at the end of the second on the growth of eastern cottonwood indicate that

growing season. This growth can be considered satis- selected clones of this species will perform similarly

factory as it corresponcls to the growth of rooted to the Euramerican poplars. According to I,arsson

cuttings under optimal nursery conditions. (t970), the annual diameter growth of the best trees

in a phmtation of eastern cottonwood seedlings in

Five trees of Euramerican poplar clone 17-214 were southern Ontario. averaged 0.87 inches d.b.h, be-

planted in a row at 20-foot spacing on a gt'x)d micro tween 6 and 9 years of age.

site at the Maple Arboretum in the spring of 1959.
At the age of 12 years, these trees measured 14.8 "l'hus high yields can be predicted for short-rota-

inches d.b.h, and 59 feet in height. The average tion plantations of poplars in Ontario. The concept

annual growth was 1.23 inches d.b.h, alld 4.9 fee.t in of poplar tilnber production ira short rotations there-

height. This diameter growth is simiIar to the figures fore justilies further and larger scale experimenting

published for the same clone and age on medium at least in southern Ontario. In the north, work w'ill

quality sites in Lombardy, Italy (Prevosto 1969). probably continue with native aspens at least until
completely frost-hardy hybrids have been found.

These observations on the performance of Eura-

merican poplars in southern Ontario indicate that on Present plans are to estaMish annually 200 to 300

good sites and under intensive management, optimal acres of plantations for timber production in the Lake

growth and high yields can be achieved. Preliminary Huron. I,ake Simcoc, Kemptville, and Pembroke For- /

calculations indicate an acceptable economic return cst l)istricts (fig. 2). These plantations will consist l
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of hybrid aspen, Euramerican poplar, and eastern Beckwith, H. F. 1970. Yield of young poplar plantation in

cottonwood and be designed, by spacing and type of Ontario. In Prospects of Ontario's poplar timber pro-

planting stock, for pulpwood, saw log or veneer pro- duction. Ontario Dep. Lands & For., p. 32-47.Clayton, D. W. 1968. Use of poplar for the manufacture of
duction as determined by local industrial require- pulp and paper. In Growth and utilization of poplars
menU. The rotations will range from 8 to 25 years in Canada. Ottawa Dep. For. & Rural Dev., p. 169-190.

and spacing from 9 by 9 feet for pulpwood to 20 by Fitzpatrick, J. M., and J. V. Stewart. 1968. The poplar re-
20 feet for veneer, source and its challenge to Canadian forestry. In Growth

and utilization of poplars in Canada. Ottawa Dep. For. &
Rural Dev., p. 214-239.

In addition, planting research will continue to se- Flowers, J. F. 1970. The present and future utilization and
lect better clones and to increase the range of sue- management of poplar in Ontario. In Prospects of On-
cessful plantations. At present, we are interested in tario's poplar timber production. Illus. Ontario Dep.

improving the performance on dryer sites and pro- Lands & For., p. 6-25.

ducing young wood with a greater specific gravity. Horton, K. W., and Maini, J. S. 1964. Aspen reproductionits characteristics and control. For. Res. Branch, Can.
Dep. For., 85 p.

It is expected that through the careful selection of Larsson, H. C. 1970. Location, selection, propagation and
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