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ABSTMCT: Transikion stands, those c o n ~ n i n g  species asswiated with $oh the nonhem 
hwdwtwsd and o&-hicbq forest types, are: imponrant to forest diversity in no&westem 
Pennsylvania. Ihese stands have high value for a variety of forest uses, including ~nahPer 
production, wildlife habiaat, and aesheaics. Dimeter & s ~ b u ~ o r a s  are chaactesisticralBy 
stmtified by species, with the most valuable oak species amoxag the ]largest mes in the stand. 
Undemtories typically consist of a ~ x t m  of no&em h u d w d  s p i e s  with thase often 
found in the understoq of true o&-hickorgr stands, such as dogwoodi, blackgarm, and 
cucumbertree. En this paper, E chmctenim &ametch &s~butions for traaasition smds  in 
nmhwestem Pennsylvania, and discuss their silvicultural implicafions. Tra&t3e>nal measaares 
of cfensity tend to ovemstimate the density of such smds. Three dtematives, one based on 
tree-xea ratio and two based on Weineke" stand-density index, m reported. 

The forests of the Allegheny Plateau gegion of norahwestern knnsylvania are dominaee:d by 
Allegheny hwdwood and northern hadwood forest t).pes. Thus stands of the o &  hickory or 
oak wansition forest types are ingortmt for &versity to the wd-us ing  indusergr, to many 
wildlife species, and to recreationists md consenra~onists. Stands of the: oak mslGon fonest 
type represent a chdlenge to manages because they contah a mix of species somewhat 
diffe~ent from the classic central hwdwsod stand. Often, the oak species are mong  the 
largest mes in the stand, dominating m e  or more subordinate canopy layers compsecf of a 
mix of ~aditional oak associates, such as red maple (Acea rhcbrm k.), d o g w d  (Cornw 
florik L.), blackgum (Mys.r~ csylvica L.), and hemlock (Tsuga ca8zar;terasis @.) Can), md 
species less often associated with the oaks, such as sugar maple (Acer saccfaarm Mmh.) md 
American beech (Fagus grand@iia Ehrh.). These species cover a wide range of gowth rates 
and tolerance to shade, and, in mixture with the oaks, achieve levels of density (numbers of 
wees or basal area per acre) not usually associated with the oaks. Because these stands 
highly stratified by species md the oak species we &fficult to regenemte, the consequences of 
management actions in these stands are quite imprtant. 

'~esewch Forester, Noaheastem Forest Experiment Staeon, USDA Forest Senice, FQE~W 
Sciences Laboratory, P.O. Box 928, Wmen, Pennsykania f 6365. 



The United States Forest Servi~cj es~mahes ha t  20 percent of the land ma, of the Albgheray 
Nadonal Forest, or about IW,W acres, is covered by stands in which oak is an innpomlat 
component (Allegheny Nasisnd Fo;resn 1986). W e n  stands that had expesenced severe 
mortdity as a result of the combination of g s s y  moth debliation and &ought were sampld 
in the late summer and early Ed1 of 1988, approxima@1y one-thkd of the m a  sampled was 
typed as oak trsnsi~ori, while the rem~nder  was typed as o&-Rickoq (Allegheny Nationd 
Forest 7989). Thcse deeeminarjons were anlade by analyzing the smple dapa with &e: 
SLVAW computer program? h SHEVM, o&-hickoq stands are &fined as &ose Fiavhg at 
least 50 percent of their bbasd area in os& and hickorgr s p i e s  md at bast 65 percent of their 
basal area in oak, hickosy, or cornmanly assmiatd s g ~ i e s .  Txmsifion k a d w d s  are those 
in which at least 25 percent of the basal area is in each of O& a d  n o d e m  k u d w d  
species, and at least 45 percent of the basd m a  is in these: species plus common asssciates 
of either. An these stancis, is is not U I P G ~ ~ P O W  for n o d e m  red a& (Quercars r&ra L.) to be 
the sole oak species. 

TPle origin of stands of the oak-hick00 and a& tramsition types on the Allegheny Plateau is 
me as welf dwumented as is the origin of stands of the Allegheny h a r d w d  forest w. The 
storbwestem Pennsylvania Aakegheny Ratearn region was vinllially completely hauvestd 
d ~ n g  turn-of-she century Ioggng, nesulting in an even-aged forest, Recods from log@ng 
companies active during the rdlroad logdng era &OIPI 1890 through about 1930 show that 
lnmost of the stands included in this paper pmbably originat4 from a squence of cuttings. 
The first was for hemlock and desirable b a r d w d  sawtimber during the period kom 
1894- 13 12, and the second for smaller and p r e r  qudity trws betweera 1 813- 1930 (Casfer 
1976). This combination of cuttings was usually quite complete, and similar to a shel terwd 
squence. Thus these stands axe essentially evem-aged and about 70 years, old. 

In the Allegheny Plateau region, o&-hic.cltia~ and o& tfansieioln stands tend to wcw mar the 
river basins, where humans have been is msidence, and using fke, far m n y  hu d 
yem. The influence of humms md fire is k l i e v d  to have f w e d  the esaabliisbment of oak 
dong waternays, due to the tolerance of oak =dings for fire. Mmy d Phese stands still 
contain old chestnut (Castanea dentat@ (Mmh.) Borkia.) s w p s ,  suggesting that the chesmaat 
blight may have played a role in =leasing oak to gseater do~nance .  Transition smds  often 
are on high-quality sites, where the regeneration of oak species suffers %om the competition 
of fast-growing associates like red maple md black c h e q  (Prunm saaodna Ehh.). 

In this paper, T repon on rtae diameter Gs~bufion md species conaposi~on of 21 research 
plots represenbtive of the mked oabr-node;m h x d w d  stands d raofiwes&m B e n n s y k ~ a ,  
and on the changes that occur as a result of vari:ous silviculml strategies. I dso report on 
efforts to assess relative stmd density in these strrmds. 

* Mxquis, David A., md Rckd E. Enast. in rureaxation. User's guide to SXLVAM: A 
stand analysis, prescf;lption, md manaagement simulatr pmgram for h a d w d  stmds af the 
Alleghenies. 



Twcrsry-cjne rcsciircll pfoiw currc:~tj:; n.i:ldcr szalcfy I-ry staff of riie Sorri-ic.:f.tcl-n .f'i:?r.cs? 
Experimenr Se!ti;,t~'h; Fctrc,str)i Scie~~cirs I ~ c t j o r r i ? < ? ~  ;tt W:,nu:n ira nrrrrh\vestrrn %kcr !q . i l ; ; i n ih  
were SCICC!CQ! li!r this study rjrl nhe ba.si.; of species composition. *fl~uc;e ptott WCR: 11.ic~? in  a 
variety of s~:i~dlc";tix:using im the xna r l ag~1~1~f~ f  of' drticir~jaing iitrr~rdr f i : k i  eirsrber t i t fp i i  rier::>atzeric 
a~t~jcctivcs, txnr [hi: rfiifn ~t:i~ort~cI i n  this pitg:er ;m from prcgeatmrait rnilics. Pli;tx xtzc n.:a~gcd 
h r m  0.6 to 4.9 ;icres. IP;at;i coliccted inm t.acir rtas:d includc<j ia ci~mplcie urliy c p f  all faecs 1.0 
inches il.b.i~. ;xi-iil l i i b ~ ~ ~ ~ n  each .jrIoi hy species and I -inch di:sftztt:r ciass, Ail pla~ts had becrz 
free of hurxax~ tiiz:;irt,xncc brxn rnalry shrtwcd cvidcnce trf nitaural iiisrurh;ance, cspcci~aliy 
clxcssrrul sarirxps, No$-them red o;lk i.; rhe irrincipral oak species ora the:sc piitts; w9itc tjiik 

{<!:?raet'rtd*q a;ctibr.e I... i s  elrt: orhca na;$jor o;tk species. !Ski st;inds fitel rha: criteria fix stat-ids at 
avcrage mnxirntiirt tlcrrsily (Erra.st ;mtf Knapp I O M . 3 .  as rhcy sfiowe:f nit evidcr:cr: of pas! 
cutring, YirtPe ain:'ic8r.;tr>ry ~levc.lctl~tmcnn, :tncf rnor~:t%iay w a s  readily ots.;emcal an:rir?g the srrr;lllest 
trccs. 

l1;rca frcmz c:nch ;,lor wzhtr stlf~l~?h;kSrr"l3cH E I ' E ~ ( P  5 : ~ :  ~ C E  V ~ I U C S  ni  numbers of trees, h;rfat. rase,a, 
ared  suarr of ~.fia~t>s,fc~.s ;r:~ti diaanciers arjuiued. Ebr i:xh pfnr, both the qet~dradc mearm 
c.%ian$e!a:r ldJMB3. or iiiamvrcr of the e m  t d  rzvcrsgc 'Qt:tsai arra) arxci the r~wi iu !  Jiaancter fMD, 
or di;otzcrcr of' r i i c  urc ar rhc miiS.g.toifir (sf thr: !>;ns:tl area ciistribtlriort), were :ilso c;ilcuI:i:ed, 
k%I3 is c;tictit:sli"ti ;is ;I wt:igtmtcd invebr:ige iii:in~cter. Ilach I .inch kiiamt*tc,.r h:, ~i~rrltipkied hy the 
blpsnt ;~rcii i n  i t ~ ; t i  ~183tncter C!;SSS, awl E ~ C  sum tfisaidcti try the star#$ I.,;tr;al a rm.  CXrtrr$wsirt: 
di;f,arecier t3iunrll?ritii~r1s wcrc cadci~lr\tt.d hy avcrtigirag per i i c ~  V ~ ~ ~ B T : S  of it:l~n!ir;"rs @L'~,s pci. 
diassrcrr: cioss. St;ri.is~ic~ai! ar~rtlyscs worc cnnijucrcd with SYS'f:IFT siietisticiii analysis i;t,ftwax 
(Wi\kinstlat 19XS?, a ~ 3  a 5% sii:mi<ic:aracc Ic.apc:l wits ;tt;.:rcptr.tl if: : i l l  rests. 

The elxiariiu:rel-istic.s of t l~c isndiviriiu;nl s:;incis src surrrnxsari~~d in 'TrihEc 1. MD in rt.icse stands 
r:t~~gcci fntrrnt i l l . .% wo t7.!f inwktt's, ;artti the 17r;frt:enh crf  hasai arcif !a oak sj-xcics rangeti from 25 
t o  as. 

'8*t3r S't.kyrartri:y ciisttlbutior~ r ~ f  ciirr~t~ctcrs fhr ail of these* star~ds has a nteigtahy invcssc: $ si~ape. 
Figal~r 1 shows ri~c avcriagcd fxrlurncy disr~ibutitatas of tiiarncicr for cnch trf thrrc grtships of 
shesrs stas~ir;, iasi:rg ~nedirsl di;amcter as the ptil.rsgi~.ng vlwi;lbic. Figtare lif is xkr: frcc{vctacy 
disari1)urion r.rf iti;a?snp:trr fri.arnm Schnur's (1937) xpresenrative stand trrbie for 8x1 iigt 60 oak 
stand or1 ;e si:tr iirtiox trf) site, sfldbwrl here for C C F I I ~ ~ B S E .  FFC~UCIIIJ~,  the inver~br: J-sIIape,d 
diancncr. cPisuit)rrtic>rr is a.;tit~ia;ed with atncven-aged stands, bur in tbc ever?,-aged forests of 
ttae hllegfreny i$~:irr:aio region, m m y  sltrt~ds Irirvc. invatzse J8-shaped diatsaerrr distrf bw tioris 
ki:wkksz tr!' the: pctsistcr%cc of  a detxse; Inwer c::anopy layer of sh;rdr,-u,lersnt species. err species 
cramgx>~itUaa ;tnrl diiin~crcs ~Xistn-ibuticrm, %16t s:apiitlg ctass in rkcsc transirior.r i>ak sta~mrls i a  
sirniirtr i ts rlic si~;cifc. iitlrrans, rrr:derstzsay fsyrr in cvcta-ageti AbIt2:larny and o~isfihrrn II;SC~WCX& 
stands. 



In the smallest ciiar.nnt:rcr :;r:irsds (Fig, la], 46 wrccnr of the siip$ing (c*'aa~e-it~ch %h~x)asgh five-inctt 
dia~mseter cfassesi basal area consists of AmeY-iciln treech mes, 40 percent of red xrrxrrple tee?.;, 
md the rr;anaini.lcs consists of birch (Bcrudik L.), ct~curnbemccs fMagrroFr'a acwtirtuba L,.), 
SIP~E;IIB. maple, und au~ncorr~inerciaI species. Avenlga: sapling basal wea i s  17 st;urare feet.. The 
~mailest o:&s in  rfaesc s&;tnc!s arc 7 inches in cfiasncrer, htrr rtnc pole ctass (6-inch thrt)~gkl 
1 E-inch) is dcarnin;ir.cd by rcd mapie, which averages 48 pcxcnr trl' rime 53 sqmitrc fcet C P ~  

~pcskztin'kber. Nct or2nor species rel7xi;cnms naoz n.,hriar % 1 pi3a;r:ePnr of rhs p3Hetirntwk.g basal area. 
i"tnv,ng the saweinaher cfasscs (rhosi; 12 incfiass aiiub i;arges), the oaks dr~nairrarc, with northern 
red oi& xpresc;rtriri&: fii p::r{;ent of rile sawnir~bcr basal area, 

2 ' 7 ~  p;rttem fnr the otilcr ewct ga.r~u~~s Es similar. in  the n~cdiiam-diamctt staralds (Fig. I b), 
kcch arid r ~ d  ~~a;rpIc: dornainatr the sapfir~g class, red rtliaple dominittcs thf: ysalcr- sir^ class, and 
northern red o;aF; dt~nainnrcs thc  sawtimber-size classes. In rbc Iargesn diarrterer stands (Fig. 
kc), easrergp. her,x-niock dc.rnrixlavs the sapling class. Red niapie rmd. caster0 heranlcxk a e  
intpcmattt in tflc pcslc.-size classes, innd nrjrrherxl red cssk, reef maple, at~d witire I,;& doar~inaee 
the: sawtimber :ii~cs. 

if we Icmk CIOSC~Y at these inverse J curves, wt: cm see tlazm :ks rhe curves of three xpecies 
goups supePirnposcd. The tail of the curve i s  fkjmed hy the inverse .! shape of rhc diameter 
diisrribestic,la of shitdc-rolcpan;t species, while the: nd w~aple/intemeCf.iate-tuSe~'ddcc species and 
oak goups  each have heflshavd distributions with different means. 

Bf we ccrxlaasi ~ficsc partcrns with tikc dirnrx~ter dis~bzatiapra af Sr=hnusas ccfassic cbak saimd (Fig. 
Id), we scc that "Lhe overall fc>m as weit as time &isnibunion by species is different. This 
fxquency dis~busiopn of darnmeters has a h i &  shape meher than an inverse J shape, anand the 
&s~b t l t i on  for each spcies group is kilshaped as well. Htl pmiculwlI., the shade-tolerant 
uatderstr~q species are not as numerous as in norrkrwestem Pennsylvania rxik stands, nor does 
heir disuibution in the small sizc classes have aa? irxverss: J sitape. 

197 hith Cetafsal Xiarrbwd Forest Conference 
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Number ctf trees acre Number rrf trees per act'@ 
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80 

DISH DBH 
IQAKS 1 INTS OTMS 

Figure 1. Dimeter &s~butic(pns of connpsites of the s&dy plots, gpouped by medial 
&zl~zse@r, acmd, showing s p i e s  cornpidon. a) M d d  &metem h m  10. - 12.5 hcbes. b) 
M&d &meters from 12.5 - 14.5 inches. c)  M d d  ~ r n e ~ a : p s  from 14.5 - 17.0 inches. (%) 
Scbnur's (1937) SI 60, age BO oak sand. 



In the face of serious c9ifficuldes in obtdnirag natwd ~genmctsi.on of oak species, the 
stpa~g"ncation by species descatbed repesents a s e ~ o u s  chdlenge to forest mhnagers who wish 
to glreseme oak. Pmid cuttjngs we deskable to increase the mtt: of W W ~  of the best trees 
for the rnmagemeet objective. For w d  prBdbfucts, &innings provicife faster &aaane@r gow* 
of the residual trees, capture some goten~al mmdiry, m d  shsaen rotaeon ieng&s. For 
wilaife-habitat management, partial cuttings sdmulate the p w t b  of tree crowns rand increase 
mast grductisn. But to achieve multj~source objee~ves in these staiids, m;enagers must 
remain sensirive to a a.varie=ty of specid concerns. Guidelines to ~ n i d x  gypsy moth impwes 
(Canasner and others 1987) impomt,  as is m undentandng of the l&e1y impsact of 
conmon silviculturd practices on species composl~an. Figw-5 2 shows residual &meter 
fiquency disuibu~ons 04: the composite, me&um &%meter class sand shown in Figure Ib 
dter 2 c a m o n  pmial cuts. 

Uneven-age management gmc~ces 1&e single-eee seaecfioxn have k e n  shown to favor 
regeneration of species more shade tolerant than the oaks (Schlesinges 1976). In nothwestera~ 
Pennsylvania oak stmds, however, applicarrjon of uneven-age pr~cfices may reduce the 
pmportion of oak by the cutfing alone. The tlreory of uneven-age silvicta1tu~"dl systems is h e  
creation, and preservation of a bdancd invexse 5 diameter c%istebution in which the 2dl:gest 
dianneter trees are the oldest and the smaller &meter trees m the youwigest. The inverse J 
shape of &meter ciiszributions in noreH.rwestc:m Pennsylvmia oak stands and the shade 
tofermce of the noahem h a a d w d  species in the straaller age e'basses will ease the mnsition 
to uneven-age nwanagement in these even-aged stands. At each cutting cycle, the oldest or 
lagest trees are rernoved, the younger or smaller mes are *inned, and space is created for 
regeneration. If density is reduced to the fevels mommended to obtGn a good pow& 
response in the residual trees (Mxquis and othea 1984, Roach and Ginecfa 1968); md no 
cutting is done in the sapling class, the effect will 'bt: to reduce the propodon. of oak. The 
higher the rPg4nimum cutting &&meter employ&, h e  more pronouncd ?.his effect will be. But 
even if cutting is unifom throughout the rretaind &meter classes, removing trees from the 
Ixge end of the diameter diseribution, above the selected maxhmm &meter, will mdiuce the 
propI.tion of oaks over time. Figwe 2a shows &e species composition of the ~siduali stmd 
dter hnohetical selection cutting d the s a d  in f i g m  Pb to a Q of 1.5 md a residatd 
density 65 percent that of the oHiginal staaad, with a mmimum r e t ~ n e d  tree size of 23 inches. 
No trees s ~ a i l e r  than 5.5 inches d.b.h. were cut. The cultkg removed 55 square feet of basid 
area in 73 ~ e e s  per acre. In this stand, with an oPigind maimurn tree &meter of 23 inches, 
eAe propodon sf o& was unchangd at 47 percent, Little or no replacement of the oaks can 
be expected to occur under this sil~cultmal system. 

Mmagement guidelines for even-age silvicul&at3 in mmy eastem h a d w d  stands 
recommend intemediate thinning$ that colacenraraE removals in the smaller merchmuatable 

"%tout, Susm L. in ~re~aatiosn. Uneven-age nlanagemnt. b: Qua~~@tiv& ~%1vicuitmh; for 
h w d w d  stands of the Miegkenies. Av~lable  from the author. 
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Figure 2. Changes in dianaeter disPribution in the composite stand from Figure Ib. a) 
d&r  a selection system partial cut. b) infter an even-age commercid thinning. 

sterns, with only enough ~movals in the Bargest &meter md tallest trees to f m  some room 
in the nasn canopy (M~quis and others 1984, Roach and Gingrieh 1968). Because such 
maments concentsate removds in the size classes doIElinatd by non-o& species, they tend 
to hcrease the proporeion of oak (Figure 2b). In the colmposite stand shown in Figwe 2, the 
comereid chinning to 65 percent of the o~ginal density, p ~ d l y  fmm blow, haeased the 
proportion of oak from 47 percent to f 4 pexenr of the basd area. mis cutting ~ m s v e d  51 
square feet in 92 trees per acre. Con~ol  of density in these mamenas may be &flicult, 



however, as none of the currently av&lable measwes of relative density gives desisabb results 
iBt nodwestem Rnnsylvmia @ra%~sition oak stands. 

ASSESSING MLATW'E DENSITY 

Measures of relative stand densiq allow Pbaesters to assess the cmw&ng in forest stands as a 
function of average tree size and, in some cases, s p i e s  cornpsition. Relafive density is 
expressed as a percent of the average maximum knsity observed. in un&smrbed stands of 
similar average tree size and species composition (Emst afid Knapp 1985). In theory, most 
un&sturbed stands should have relative densiey values close to 100 percent; in years of 
oprtimum growing con&tions, tree growth and swvival may be high, and relati~se-densiby 
estimates may exceed 800 percent by smdl mounts, while episades of peor gowing 
conditions will result in moatdity and tower relative-density estimates. 

C o m a  assessment of relative density is key to un&rstan&ng md  mmaging ~xed-slpecies 
smds. In stands of the same average tree: size, but &fferent species composition, absolute 
measures of density, such as numbers of trees or basal area per acre, vary with species 
composition, sometimes by as much as 58 percent. Bawl-area values that are umaIisdcdly 
high in one species Klix may be average in mother. Mmagers who unde~sfimate the mlaaive 
density of these complex stands may miss oppoatunities to increase in&vidud tree growth and 
crown development, while managers who ovemstirnate ~kat ive density risk loss of 
prodiuctivity cpr encouragement of undesirable plants. Met assessment of relative densiy can 
be pmiculsly difficult in stratified mixed smds. ?She stands ilacludd in this study were 
specifically chosen to represent the conditions of average raam'nnnum density. Thus, one criteria 
for choosing a density measure for use in these s m d s  is Dhe nemess sf the mean eshmate of 
density to 100 percent, as well as the ppoxaim of these stands whose density is estimated as 
close to 100 percent. Table 2 shows the density of these nofihwestem Pennsylvania oak 
stands as assessed by five different measures. 

The oak stocking chart in Roach and Gingrich (1968) express& average mmimum densipgr as 
a curve that showed the average mmimm basal area and numkrs of ttws per a m  in uglmd 
centid h m d w d  stands as their QMD increased. This chart was extended and used to 
determine percent oak stocking shown in the first row of Table 2. Tline oak stocking chat  
was developed partly with the stand tables in Schnm (1937), andt was inended for use in 
these typical, white oak dominated stands with bellshapd diameter &s~bu t ims .  When 
applied to northwestern P e n n s y l v ~ a  stands such as ahose studid here, the charts yield 
estimates of density well above 100 percent. The mean value is 140 prcent, and the 
estimates range fi-om 11 1 to 169 percent. Densities this high suggest sQgnadon and severe 
mortality among the smallest trees in these stands, which is inconsistent with observation in 
these stands. 



Table 2.--Re2arivc: density of srtidgf plots as cafcirlated by f ive density measures. --- 
Minhaam Wla~rimum 

<- 

Mean .6-/- Std. Dev, ---- 
Oak Stwkirag Chm' 1 11 169 140 +/- 14 

SKVAiCSi Refativr:  ensi it^^ 85 143 105 -1-4- 14 

NE-TWIGS Generaiizetl 60 97 83 -t/- 8 
Stocking $erceno3 

PA Oak tree-arm ratio4 79 125 105 -t-/- I1 

PA Oak Stand Densiey Index4 74 121 96 +/- 11 

Rc~ach and C inb~sh  (1968) 
" M q u i s ,  David Pa., and Richad L. Emst. . Uses's guide to S1LVftg.a: a 
stmd analysis, prescription, arrd management sirnulam g m g m  for h w d w d  stands of etle 
Alleghenies. Available from the author. 
"~bko and sktlcrs (in pxss). 
4 kteminaed using measuses develop& for this study. 

B e  SKgiAH computer prbdgasns cdcrn8ae the density of forest slmds using a v&mt of the 
measure developed by Roach (1977) and Stout and Nyland (1987). With this procedure, the 
density corn~bnt~on  of indiivicfual trees is estimated as a function of their species and 
&meter. Spzcics are assigned to one of three groups, b a s 4  prdominmtly on their growth 
rates anmd tolerance to shade. These include a. fast-gowing, shade-intoteran group consisting 
of black cherry, w hire ash (Frma'nra americam L.), and yellow- poplax (Lirio&pra!ron 
f~l ipvern L.); a slow-growing, shade-tolemt goup consisGng of sugar maple, A~nericarr 
beech, and striped rnaple (Acer pepzraravHvaniem L.); and m internedate group whose mitiin 
constituent was red n.taple, but to which most swcies were assigned for application pusposes. 
Northwestcn~ I'crmnsyPvalaia rxansition i h w d w d  stands were not in the data base used to 
develop the ~ee-area ct~fficients for Allegheny h d w d s .  In the S1LVAF-K pmgrams, the 
deasity cwfft-isrents for rile inatemdare goup .me used faf northern red oak. Tfie coelFficients 
far the sisw-growing shade-mlermt p u p  were so s i ~ i l s  to tliase ffeported by Gingrich 
(1968) for the white oaks and hickoq that these species wem assign~d to that goup. me 
densities scponzetl in the second row of Table 2 are the result d calculations made with the 
SILVAB-1 computes programs. ' f i e  m a n  value of relative density cdculated by SKVAH is 
I05 percent, only sl~ghtly higher than the value we would prefer in unmmuaaged stands. But 
the range of valiles observecli in this smdl p u p  of stands, from 78 to 125 percent, suggests 
that this measure does not disckina@ well between xandentmked, fully stocked, and 
sverstcked sraeaits. 

A diffese~lt; appso;ica,ch to estimating density in mixed stands was taken by the developers sf 
WE-WIGS, the nuaheastem ~ g i o n d  variant of Jfe W I G S  forest gowth projection system 
(Teck 1890). NE-7WGS calculates a generalized stocking percent (GSP) for all stands. 
This Iraeasurt: is a tveighted avemge relafive stmd density, calcialat& using Stand Density 
Index (Reineke 19%) values h r  seven differenat fohest types. GSP Is inahaeraced by the 
specxes conrycpsitiun of the stand, and is a sumation sf weighted relative stand densities, 
where each specics car1 rrnly represent a single forest type (persoad communication, Wichd 



Twk). The ,W-mIG% GSP values for these smds ape ~poraec% in the f c a d  mw sf Table 
2. The mem value of relative denasify caHcuBat& by ME- GS is $396, quite low for 
undiseurbed stands. But the range of estimtes is the nmowesa sf  my of the measmes 
repofied, from 48 ea, 97 percent 

The values from :he 21 rinc12isrurbed stands stm&d here were used to esfimate the cmfGcients 
for TWO new measures of relative density for un&smbet% saanb. The fifth and sixth rows of 
Table 2 show the density of these stmds by two masua&s devtsfapd d u ~ n g  this study. 
Column 5 shows the results of applying a me-ma ratio measm Gevelapd from these data. 
'khe mean value is close to 105 percent. ?%*he rmge of values calculiatd for these stmds is 
from 79 percent to 125 percent. 

The m-area  ratio equation cdculatd for these msifion smds is: 

N N 

Tree area = -O.M)68718 * N + 0.0167869 * E D i  + 0.0019797 * ED: (1) 
i=l i=I 

where N is number of trees per acre and Di is the dimeter of the ibh me. 

Figme 3. Tree area per tree (in c e n ~ m s )  as esfimatd by the tree-mea r'dgio q u a ~ o n  
developed for this data set. 

This ~~ee-area cuwe is shown in Figure 3 as it would be used to estimte the densiv 
con~bution OF an ia&vidu;all tree. With 21 stands in the &ti+ .ins& to esrimte the cm=ciesaes 
for his quatian, separation into species p u p s  did not sipificrently hprove the fit of the 
wuatiora. 



Row 6 of Table 2 contGns an estimate of sand density based on the  lat ti on ship between the 
number of trees and the quadratic stmd &meter, as suggested by Reineke (1933). Far the 
21 unasnaxbed stands sau&ed here: 

Hogl, N = 4.393 - 1.962 * logl, QMD 42) 

w h e ~  N is number of Eees per acre and Qm is the qua&atic mem &metcr, 

This quation has an 3 of .88. The values in mw 6 ate ratios of the number of trees per mcz 
i~g each of these stands to the number pre&c& by equation (21, expzssed as a percent. This 
masure has a mean value of 96 percent in these stmds, with a range fmm 74 percent to 121 
prcent. 

The research reported here is pan of a Iwger effort to develop regional m l s  to assess relative 
density in mixed hmdwood stands. Managens must be able to &scriminate between stands 
whose density is close to the average maximum for a type ancX hose whose density is well 
hXow the average maximum, regardless of their management objective. Such discri&natiora 
is key to identifying opportunities and pmjecfing changes (Stout and Lmon 1987). The work 
aeprted here highlights the dificulties of assessing density in complex, stratifid mixtures. 
The stmcture of these stands, witfr bellsha* oak distributions in the larger dameten and 
inverse S disnributions of shade-tolermr nortlixem h a r d w d s  in the smaller diameters, 
contfibuees to their consjstently overstocked rafings by mditional measures. 

As our understanding of the interacfisns of these stnrctms with site* mmagement, and stand 
developmnt improves, we will develop new and more efficient methocils of assessing densitg/ 
in such stands. Diffennces among density measures reported here may help managers choose 
which of the existing measuires of density they prefer, as well as point directions for future 
reseauch, The new measures developed using this data provide the mean relative-density 
es~mates closest to 180 percent for these 21 un&stuhd smds, but their ranges m quite 
large, and they are untested outside this data set. The NE- S measure has the narrowest 
rmge, but undercstima&s the density of these stands, heightening the risk of missed treatment 
opportunities. Estimates made using the oak stocking guide or S E V M  tend to be high and 
have wide ranges, but may be acceptable as they ~ n i m i z e  the risk of missed aeatmcnt 
ophpgprturai~es. 



CONCLUSIONS 

Oak stands in noahwestern Pennsylvmia are usuaIfy seatified mixtmes of central and 
northern hadwood species. In m a y  such sbnads, n o ~ e m  red oaks m the largest. trees; in 
the stand, with red maple, the other oak species, cucurnbe , eas@m hedock, birch, md 
others in the middle of the diameter d i s ~ b u t i ~ n ,  md  Ameficm beech, sugar maple, and 
eastern hemlock fQnning a dense, sapling undentsn;y. Managers of such stands must be 
sensitive to the effects of silvicultmd weaments on spxies csmposifion by cutting done; 
umven-age cuts will tend to decrease the proponion sf oak species or leave it unchange:e$ and 
even-age cuts will tend to increase it. Tmdidond m s w s  of relative demsiry are often p r  
at c8iscriminating among these snatifid o& stands with respect to s tcEng for any 
management objective, Both tree-ma ratio and s m d  density index pro~edures offer some 
promise for assessing density in these stands. 
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