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A b s ~ c t :  Pofiy-two relaaively un&stwb& s..ixed o& smds  on nine & f f e ~ n t  physiopphic 
units in the Ridge and Valley Province d central Pennsyfvmia were sweyed to hveskigate 
the ecobgical status of oak species in the region. Qtd~lrcw species were pEirnaily resaricted 
to the canopy, with the exception of Quercrxs UB'c$oEia W ~ n g e d .  (a shmb). The most species 
rich forest stands were located dong an indent& s m m  and on fine-textwed, vJIey flm 
sites where Qibercm aha L., Quercw velarim Lam. andor QUCTGW rLdlfPm L. dominatd the 
overstories and Aeer ruEirw~ E. anah Prur~las serots'm Ehh. d o d n a t d  the understcpries. The 
importstnee d Querclsr prinsss L. was posiaively comla td  wi& prcent sand md ebvaaion, 
and this species donninated steep inclines and xeric ridgetop conannuni~es. Quercers vedutina, 
Carya spp. md  Q. rubra occumd on dl topogxaphic sites, however the latter was most 
abunhnt on cwl,  no^-king slopes, 

Most present-&y stands were initiaM following heavy chataing and fm aound the 19Ui)'s, 
d the oak component tended to be even-aged. IPegeaera~om &a suggest that succession ts  
more shade tolerant species, p r i m ~ f y  A. W r m ,  is wcdaag  in dB but the most xeric oak 
stands. Frequent understov associates with A. rUbrm includeBf P. selrdptim, Amr ~ a c c h r m  
Marsh. and Fraxinw mers'cana k. on mesic toe slopes, indent& s m m  b& md vafley Boor 
sites and Bemla lenta k, and Acer pewlvanicm E. on md new ~dgetops. Although 
Quercu.~ species were well represenreef as sedings in most stands, mmirmena into larger 
classes was infrequent, except on the driest sites. 

The topsgaphy of Ridge and Vdley b v i n c e  of ceentrd Pcmsyllvmia leads to an diverse 
floristic pattern acmss the landscape, in which Qwrcus s p i e s  p-~naate:. Typical of most 
eastern forests, large-scale logging and subsquent f ~ e s  fdbwing Emoparn =dement 
hs t icd ly  d t e d  tbe original vegetmdon in central Pemsylvmiai (MBaugh and Forks 1943, 
Mitney 1987, Cmw 1988, Nowwki et d. fm). Braan (1950) had class%& this area as 
oa&-chesmut (Cast~roea LdePrPata [Marsh.] Borkh.) forest type, though most ecdogsts now 
consider it an oak-hkkov (Caw spp.) m ~ x d - o &  assmiaGon (Kwver 1953, M c G d c k  
and Plaat 1980, Johnson m d  Ware 1982). Bram also suggested &at the mixed mesophyfic 
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forest is the potenpid climax in the region, but that topgpaphic &versiq would lead to 
physiogaphic or edaphic climaxes, including mixed oak cornunifies on mountatn slopes, 
hemlack-dominakd (Tseeg~ c u d e m t  F.1 Can.) c o m u n i ~ e s  within m o u n ~ n  coves, white 
oak (Q. calba) forests on valley flm and mixed mesophyhc cornunities on ravine slopes 
dong indented smarns. Whether the oak communities are actually me: or ekphic climaxes 
in this or other regions of eastern No& Amesica is uncedn.  Recent studies indicate a 
tsmsition from oak to more shade tolerant species in many forests (C~s tensen  1977, Lorimer 
1984, Parker et al. 1985, Abrms 1986, M c G e  1986, Nowacki et d. 1990). Successional 
@ends in oak f i s t s  of central Pennsylvania have not been well establish&, dthough regional 
surveys indicate poor oak developmnt under shaded con&tisns aorirner 1984, Russell and 
Schuyler 1988, Abrams md  Downs 1998). 

In this study, mixed oak stands on nine d i f f e~n t  physiomphic units in the Ridge m d  Vdley 
Prabvince in central Pennsylvania were sweyed to investigate the effect of edaphic factors on 
stand composition and. sa;eactu~. From these data we attempt to p ~ d i c e  the successional 
status of mixed oak fsrests in the region and how successiond pathways may vary with 
phy siogaphic changes. 

During the summers of 1388-1989,42 relatively unclisturbed mixed oak forests in central 
Rnnsylvania were surveyed. Stands selected for sampling were 1) rela~vely homogeneous 
vegetative units located an uniform topography and resasicted to a shgle soil type and 2) 
showed Ilide or no evidence of recent disturbmce by fire, cutting, erc. Trees 10 cm dbh) 
we= sampIecS. imsing the psint-quartier method (Cottam md Curtis 1956) at 20 points within 
each stand. Poirtcs were systematically located dong mslsects at intervds of 20 to 330 m 
depending on stand size. Tmnsects were pssi~oned to avoid forest edges. Tree infomation 
included distarlcc from the sampIe point, dbh, species name and cmopy position (dofinant, 
cdominant, inteme&ate, or oveaoppd). Crown class definibons fsl%owed those of Smith 
(1984). 

Saplings and seedlings .were recorded by species at each smpfing point within nested circular 
plots of 10 and 5 m2, respectively. Saplings were classified as m e  species < 10 cm at dbh 
but 2 1.5 m in height, whereas seedlings were c 1.5 rn in height. Average slope and aspect 
wen: estim~ted for each stand using a clinometer, cornpass and topoghaphic maps. 

Soils were r f e s c ~ h d  at a cen~ally-Iwatd pit wihirm each smd.  Horizons comp~sing the 
Lamer 50 crn solum we= idenPifid and their deptR record&. Soil samples were collected 
f o m  the mineral surface (A or E horizon) for particle-six msslysis using the Hy&ometer 
Method (BOU~OUCOS 1962). S ~ i l  pH was &so m o d &  by use of a pH mter  (cakibratd at 
pH 4.8) and a prepared soil slurry consisting of 5 g soil and 10 rnrl disfilld water. 

Species importance pekcenbges were caBcuIated from the tree data fm each stand (imp~)pttance 
percentage = [relative density -t relative dohnance + ~Ia r ive  firquency]/3; C o t m  md Curtis 



1956). Statisficaf malyses. were accomp8ished using sinarp1.e cornlalion, ANOVA and 
Scheffe's man sepmtion prmeduse at p < 64.05. 

Table 1.--Edaphic features of the nine physiographic units sgat&ed in the S d g e  md VaDey 
Rovince of central Pennsvlvmia. 

Physio. % %  fisdcarrainamrt Repnsentaaiw % Elev.' 
Unit sand silt clay pH textm sd4 type slapes (m) 

Fine-Valley 26" 59-5" 4 . 9 V s i l t  lorn Typic Hqlu&B$'s 721 34426 

Cave 6Sab 2Tb 8" 3.5" sandy Born Typic Fragidults 7 9  547G1 

Nor~h-bwer 52"' 34b 14 4.3"" loam Typic F~agic%ults 2 8 9  4649 

South-Eower 5 Y b  34ab 1 4 4 . 4 "  lorn Typic Fragiduiits 3 0 s  47221 

Nonh-Upper 6Vh 3Vb BQY 3.9" % o m  Typic Dyswmhrepas 3526 S O 2 2 2  E 

South-Upper ~ 5 7 ~  26' 7" 3.7" smdy loam Typic Dystruchsepts 2857 568216 

Crest 75b lgb 6" 4.1"" sandy loam Typic D y s ~ ~ k e p t s  4 598222 

t Mean2S.E. 

Values in a column with the same letter are not signikmtly different at p lo 0.05. 

Stand Classification Based Ow Edaphic Factors 

Forty-two fahest stands were grouped into nine physiopphic unsits based on tispopphic 
position and sail characaeristics (Table 1). The physiogaphic g o q s  were iixnkntd s t rew 
bank, fine textaared-vdley floor, coarse tex valley flour3 cove, nohem-lower slope, 
nosthem-upper slope, crest, sou~ern-upper slop":, md southern-lowm slope (Rg. 1). Soil 
factors were comla td  with changes in elevation. In pmiculx, wrcene sand incmasd and 
percent silt, clay md pH demased with. elevation (p < 0.05, 6. = 58 ,  -57, -.49 md -,77, 
respecfively). Fine t e x d - v d k y  sites contahed signilEncanfly less sand and more silt thm 
coarse text&-vdley, ms t ,  and southern-upp sites (Table I). Avmge soil pH was highest 
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dong streams, inremle&arr: on v d e y  sites and Iowm slopes and lowest on ezprper slopes and 
coves. A general shift in so2 type mc wi& ee;%ea~on, with AEsols cfo~wabng valley 
floor md stream bmk sires, Ultiscsls dong lower slopes md coves and lnceptisols lacrat& on 
upper s i~pes and IPidgetops (Fig. f 1. 

S tmd Composition a.nd Smeture 

The overstory of all goups was hiaainated by Quercw pig. I md 2). however signikmt 
differences in species imprtance w c m d  arnong goups (Table 2). The k e e  most a b a n b t  
oaks, Q. alba, &. r & r ~ ,  md Q. prinw, varied with eebvaaioxa. Qksercrw. cabha was most 
hportant on gendy sloping, valley and i n d e n ~ d  smam Xma~ans, dthough it was dso  
important in mesic cove forests. Querclks afba impomce was nega~vely com,Iated with 
slope (r = -.38), elevation (r = -.50) and the importance of Q. rubi-a and Q. prinw (r = -66 
md -67, respectively). Qteei-cus r&ra and &. pri-l'nw we= most a b u n h a  on lower slopes 
and crest sites, ~respectivefy. Quercw prinm impoaance was comlated with prcent smd, 
silt, clay, elevation, and pH (r = .56, -54, -.49, -79 and -.513, reswtively). Sirlanar to Q. 
elble, Quercw eoccinea Minenchh. was most frequent on valley sites, dthough it was 
associated with coarser soils. Q u e r c ~ ~  velutim was flaihly common on df sites, but its highest 
impoflance loccumd at lower elevations. e8versta~ trees other than Qccrerc'res were p f i m l y  
A. rtkhrm, A.  sacckrrun, Piam strobm L., P. s ~ Y o ~ Z ' W ,  md Caqa ~pp .  Most of these 
species were inf~quent,  intemdiate in crown size, and r e s t k i c ~  to stream bank, valley flmr 
msVor cove sites, 

A larger number of s p i e s  were present as understclry trees, iwcla&ng Qwrchcs, C a m ,  Aces, 
P F ~ R U S  and P. slrobtar (Fig. 2). In general, understov trees of Queactes were most abcanhnt 
on xeric areas (i.e. coarse textured-vdley, crest, md upper slope sites) and. in younger stands 
regardless of physiographic location. C a w ,  thcev, Prgdn~s and P.  s@obw were most 
abundant in the uaderstorgr an stream banks and fine textwed-vdley sites. Acer r&rm was a 
common understory tree in most stands. 

Regeneration Trends Across An Envixonlena h d i e n t  

Total s d i n g  numb= tended to be greatest on the coarse texwd-valley sites md least on 
the upper slopes (TabIe 3). See&ng number was negadively cornla$& with stand basal area 
and percent slope (p < 0.05, r = -.43 and -.41). Q~rerc~ks species were well ~ p w s e n t d  as 
s d i n g s  in dl physioppMc units and seedling density closely follow& impmnce  values 
d the overstory species. Seedings of Q. alba were most a b u n h t  on smm bmk and vdby 
sites, &. rtebra on slopes and Q. pra'na on slopes, ridges and come texturd-vdley sites. 
Qgerccrs prinzas sedings  were significmtly conelat& with Vrcent smd, silt  and clay (p .c 
0-05, s = .50, -.47 md -.a, respec~veiy), as exhibit& with its overstoq impowmce, Acer 
rrrBrum and P.  serotdm were common seedhgs on all sites, however the latter were most 
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UPF~ 

Figure 2. Stand s'tructure on nine physiographic m a s  in the Ridge and Valley Rovince of 
central Pennsylvania based an mean density of ovento7 and understoy trees and mean 
&meter of pGncipd species (mean imponmce percentages of 5 or pater). 
&=Acer rt&hr~ma, As/Ap=Acer s a c c h r ~ p l r m f a m i d e ~ ~  BE=Beft&Ea! len fa, C W = ~ ; ~ P Y Q  spp., 
P=Pinm sfroba~, Ps=Prgnar ssrrrrdna, Qra=Q~erc~  crlbu, @=Qraercw coccinea, @=Qaercw 
pP.l'nm, QQr=Querctis rblPra, QVI-QUC~CMF: wlutim. 



Table 2.--Meaaa imponmce percentages' eS.E.1 of pBdnsipaf spcies md mem stand density 
(mesha) md basal area (m2rt3.a) of 42 mixed o& forest s m d s  orgmid by ghysiogaphic 
unit. 

&m 
As/Ap 
Bele 
carya* 
Rsn* 
Prav 
HPrse 
Qual 
@ca 
Pupr 
ga,, 
Quve 

# of Stands 

Density 

Basal Area 

Fine North South N o d  Soua 
Stream Valley Cove Loever Lower Upper Upper 

come 
Valley Cmst 

1 Impoflance percentage = (relative density c relative doHninmce c relative kqaaeaacy]/3. 
Values in a row with the same letter ;are not significaxady different at p < 8.85. 
" Significant differences based on ANOVA, but not efetwned by Scbeffe's mean sepaation 
procedure. 
Acm=Acer rdauraz, AsfAp=Acer saccharumlplatamihies, Bele=Bet~h lenta, Carya=Cava 
species, Pist=;Pinw strobtks, PHav=Pruncaci av im,  PPtse=Prmw asserota'm, Qudeaercw afba, 
$uco=Quercw coccinea, Qupr=Quercw prinm, Qm=Qakerem rdaa ,  Quve=Quercm 
velun'na. 

abundant on southern lower slopes and fine textmd-valky sites. Acer saccharm, Acer 
platamides L. and Pranw a v i m  L. seedlings were ~s t r ic ted  primrarily to mesic sites, 
specifically fine textwed-valby and s m m  bank sites. In csnmst, A. p e q l v a n i e m  and B. 
lepl~a seedlings oecmed prhasily sn  more severe, ridge sites. 

Sapling density was not consistent mong species, al&aergh highs denQty was s k e w 4  
towards shade tolerant species frable 4). The most prevderae sapling was A. r& 
cornonly mcuned on $1 physiographic sites. Prcenw serogm saplings were ~ i ~ l x  in 
n u d e r  to A. r d r m  on dl sites except for coarse textmd-vaaey mend cove sites. Acer 
saccharm, A. platamides md Coralas flori(H L. we= frquent saplings in mesic, f i e  
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"Table 3.--5lt;ar-n i;eed%lng zlurxaber f:ieerns,.%aj of pria~cipai species c;f 42 r?r!ixcd oak f'<>n.st stands 
organized hy physiographic unit .  

--..------- ------- 

Acp"(r ir $s~d)"" 
A C ~ G  2(12[xla f i 3 2 t r v - ~ o : t ~  
Ar;/Ap 3225" :!88fts (5" 
Belee 6)" 0" l5b^ia 
CarYab 1125" 857" ($" 

Cadc' 0" Bi" lr 
Co%'l 925" 386" 33" 
Fram 302Sah 1 1 7 1 "" 3:3s" 

" bdKY 43" 633" Pf'svs 
Nysy fl" (r" 3NI" 
Osvi* I l i5tY 43" (Y 
Pist 425' (F 2f.6#8" 
Pt-;tv* 32-5" rrh2{Sm 0" 
$iXrsc .5i)T5*" I "4.457" >2'5>,.Yh 
Prvl W h  XI)XC? (yh 
Qri:&I* 3575' :i5.57' .IXIXY 
Que:o 3 2 . i i V Q "  0" 
Qiail (f"" (Y tYr' 
Qt1p-33- it" 4;ru 3704)" 
Qunn* 4dKY 27 k "  5.43" 
Qtivtc 10S(P 3 !,.la 23Y 
SnaI* 44:';tP ET 2fNlff 
"ron:~P, .5 lc475"' ~iti7fEfi" ~~BI<XNP"' 

iHaT  0% f h  7 2j"" I tktf" 7 E "  'i ? ( ~ K F  
x s 53r15 7767" arnw ffi . i f ~ . ' i ~~ . *  3 . x ~ ~  

20* 33" 0" ty br" 0. 
42tP 0" 433" 480" i 1-333" 
15Cfif" 17 43" 467" 3MY ;leh73"67" 

hf 3" 0" 3 5" 2i I" 2.84"' 
$MY' dr7" Q" iP" @$a 26'7 

1 017(XIh ll(B67" 469h7""_~('@" 222' 19"' 
1520" IT lfja37" SWf" 3pa 5iXY 
t (Kk" 0" IP 34IY f Y' O5 
2tHT fY {a6 V 44' V 

(? 0" 33" 0" (17" tr 
2 cm7" a~ ,45 511" ( i 8  1 a 

2h(>(Y 27 3 33"" 23 313"' 5~%2(? $IX(KP'' 3067"' 
dr( ~">7"'' 0"' %@" 1 (Fh 

?(KP ' $2  11" f t" 20" 2Vfr8Y f ?  
6 r % )a I (3" 221xf t r*  
()"'" (Yh 1 { *  299 IF 

6,";idP 2621r7" 3 9.337" '6*5a~$O" 287541" l h82fl7" 
23a#8" 5117" itd.A#a" 1X8V 756* 1 IffWY 
78tY 2 t3Y 4.4 t" b 0 L V  22338" 1533" 
2 I"?? ?(a7" 7?(Y &C14"7" 

4+22&(Y $26(37': 42Lg67eh. 39(wPh 1 2474ib 4371Hk"" 

Valitcs i t 1  a row with thc  me ~ C S ~ P ~ T  ;%R! Y : I ! ~ ; P ~  ~igtlifica~~fly difkrent at p .E: 0.05. 
* Signifisafat dificret~ccr; basrdi cwl  ,.ZNQIVA, but rlnr detected by SckeEcas ~ ~ P C ~ Z I I  s e p i ~ a t i ~ n  
~ ~ ~ . ) X : P I U T < ? .  
Acpe ::A(*c~F pefzfyi\j~dfiica@~~ I % c I x ~ ~ - . ~ c : L ~ Y  nchrtim, A sit% p=Acer ~#st~ircha~~u~r/pi~~affcbid~~.r~ 
Bcke=.R~slal'ra icxrtlra, C;kry:yar-s:d.:i~rya s ~ P . ,  ~ ~ ~ c = ~ ? c z s M R c ~ &  L$CP~PIXW, c~fl=-;&;!~rtr~~ f?c>ri~i(~, 
H'rdxan=/'rtuisrra amrrricana, L li;ivI.=P fmtutrzelds virgi~~iar~ii, Pd yijy =t'V~ssu sy',b'lvarica, Qsvi.-Qsfrytr 
visginianu, F)dst=Pinik~ s b r ~ ~ b l ~ , ~ ,  Prav=Prtkttt&~ QV~K&PFI,  Pse=Pf~?&~&r S S E ~ Q ~ ~ ~ E ~ B ,  k'mi=Vr.ui~w 
visgk~licrraa, Qual=Q:~rdcrru,r. ai!jra, Quccr-Qtc~z~c8c$ I : C ~ C C ~ P ~ T ~ ~ F ,  QU~!=Q~MFCUS idicfilia, 
Qupr=Quc~rc'.tdp; prira~ac, Quru=@irt.rcaks r t d ~ m ,  Quve=Quercw v e l ~ ~ i r m ,  Sud=Sa~saf~c~~ albidm, 

textured-valfey aard sfrei~.~~? bank s~rns~~mniticr;, ~kle=;l;i~ 16%ant(dtr%ii~ v i~g idana  La., A. 
pe~r.rj~r'k~unic*w~z~ md B. x'rniti sapiirlgs were. ccymmon on ~Zoges amid ~idgetsp" .'The larser two 
species wet% prasitivcly cs.rrre$aectB wf?h clcvaticln i:p .r 0.05, r :. .36 inssd .3? rsr.s;wurivcly). 
Smsi:fa'ru albbdlrrtt ( I $ ' ~ H ~ . " ~ ~ Q I . s  saplings fwqucnrly cx-rurretf on crlarfic rc~itrrc~j-'i':fiiZi"y siics. 



Table 4:--Mean rapling nuraa3er ( s ~ c t ~ l s i h a j  of principd swcico of 42 mixed c~ak fomsn stands 
organizccd by plmyricgr:tphic unit. - -- 

F:ia:e Kttrth 
Sercarn ValBa:y Grve KXYWCH. 

---*- ---- 

A C ~ ~ J '  i t *  na tr 170" 
A G ~ U  1g'7" 1136," 1271)" 42fY 
AdAp &Z" 321" {Y 0" 
Bele 1 4  3 O"7" I .I(;" 
<.'l:krya 25" 50" 0" a icy 
Csnrlc I)"CB" il" l (Y 
CoJI 475" 11,Y"Y 34r" 
X;rr:ns 2.5' 25P 1"Y 28dt" 
E h v i  0" 0' t 7""2Qb 
Nysy 0 V 3Y 112" 
Osvi 8'7" 14" (P 40" 
P i s f  13% 7* 61" 
Brav 0" 7 l" 18" (b" 
I%SC fit" 72Y 3:4" %(Y 
Prvi' 0" 12" CY f f" 
Qtalti 1.1" 0°F f )" 
Quco f :-%a I)" bt" 
Q u i l  ff" 0" Bf" 0" 
Qupr  (r" !Y br" I k f "  
Quf-ti f3* i& I? IZ(Y 
S8a.i i ~7""~ fYh 0" 
Tot rzi 1 35V 3(XKIu 214!HYl15XbY 

South Nurtfa 
i,owcr Upper 

(4" 1467" 
1 (KT 67" 

I B" BY 
2Y 937" 

I .: .Y 0" 
! 4'? 0" 
X Y  17" 

HSfY 333* 
iYh  i(xrb 

2tY 
45" (B" 

3(P 0" 
ir 0" 

f 850" ti?" 
0" 68" 

k r 
1 )" 0" 
0" (Y 

ShY 58" 
3 3* 1 7* 
I tk" USb 

2'6 % 7' 2446.Y 

VaXucs iri a raw will1 the FZRC iettcr arc not significantly diffemrae at p < 0.05. 
* Signifjcarlt differences based an ANOVA, brrt not derectect by SdScheffe's m13e;xn sc-paratiow 
prf~"e~I tire. 
Ac pc =Acer pt:~srylvtr~zicm~~ Acr.ii=t%crtr r d ~ r t m ,  AsfAp=Acer sac~~rmf~3Ica1dkm1kde.~, 
Bt.ic=Rcrufa fcfira, Giqa=<;l~rg,th spp,, Cadc=C~krrran~ deninfa, & ~ o f l : ~ C ~ ~ r n ~ ~ f l o r i d i ~ .  
I:rrsan=l*'rc~rir iwtletricanrt, B4avi=%Ianw:melis vm'rgins'a~w, I\;ysy=hY-~m fylvaficu, Osvi=Ostq~ta 
vir~itlbana, Pisr-Pings strabw, Prav-Prttntd-s auvbldna, Pmc=Prldnx~ serofi~a, P m i = P r ~ ~ w  
virgirriana, Quai=Qraereu.s aifP6a. Qucn=Querr:w <:rliccinea, Qenil=Querc~~ tlicqbiirz, 
Qupr=Qt~eri:aa pre'nus, Qurn=@kderck&~. rlrrbra, Quve=Quer~&f ~elurk'ua, Saal=Sassafrakls tzlhirlikxyd. 

Mixeci 0ib.K f a i e j t ~  of tttt R~dgc aald Vailcy Pr~vince: of cenwd Pcnnsyfnvania dtffcr 
apprecgabiy irr  c6~rnposna~an and swilcrure taw BR differences an edaphne factors. Gesaesa3 



dec~aszs  in. soil ~xtoistsre wit11 increasing elevation from mesic indezued stxernrsa sites so xe-i-ic 
ridgetops c~ccurred due to increases in percent sand and slope, decreases ir, soil thickness m-td 
percefie silt irnd clay, and changes in subs~ate (linmestorle to ssa~dsespne) and scrii type {Alfi'isuls 
PCB Enceptis~fs)(cE. Whittaker 1956). This gradient is rarI.ser uniform across the Sallds~ape 
except for mcs physiogaphic outliers, the coarse textured-va3ley f%mr and cove rrniss, These 
units enconapass xerophytic and mesophyric coxnxaauiaities, respecdvely, which contrast sRwpIy 
with sumrounding forests. Otherwise, changes in forest G O T T I ~ O S ~ ~ ~ O I ~  were rather subtle 
between adjoining physiographic units, representing n eontintaarn of ccd~x;wasaniq oggrgkanizadon 
(Gleastzn 19263. Although cilarges in forest composition seemed to be closely linked wiePa 
moisture availability, chatlges in fenility and pH may also play impo~axnt mIes (Feet and 
bucks  1977, Waiter and Loeb 1983, Campbell 1987). 

Qedeacus species were consistendy the largest md gresaamMy oldest individuds on dl sites, 
and dominated the oversnopi.es of all physiogrdphic units. These at~frutes seem to be quite 
chardcteaistic of Quercm in other eastern forests (CcbtQm 1949, Parker et d. 1985, Absms 
1986, McGee 1986. Nowacki et al. 1994)). General shifts in Quercus &&.%ace from Q. alba 
through Q. r r b a  to Q. pp.n'nus meusred from mesic to  xeric sites, and is consistent with 
regional surveys (Miedng 1953, Keever 19'93, Overlease 1978, Russell md Schuyler 1988). 
In contriise, both coarse: textured-vdiey and cove sites had overstories d o ~ n a t e d  by Q. alba 
and Q. prinw. This is sather u~luseaal. cansidel-ing ahrrt these two physicygapl~ic lan.ibs occur at 
the opposite exeemes of the moisture specmm and the co-wcamenrcc of these two species on 
o t b r  sites is infrequent. 

The mixed oak forests in this study are conside~d early- to mid--s%sccessianal on most sites 
based on egetleratic>n trends. Replacement of the oak component to v w i n g  degrees by m s ~  
sii~ade tolerant species seems likely In the future, though the w~nsigon may be rather gradual 
due to lcmg I l k  span of Quercus species (Abrams and Downs 1990). Understosy Prees and 
saplings are probably tlrc besf preciietor of future complasidon, bming lmge-scale &stuP-bances 
to the site (cf- Ohmmn and Buell 1968). On mesic sites, A. rulrrrm md P. serodpua: were the 
most abundant understosy species, which is c m s i s ~ n t  with other forests in the region (Gysell 
md Arend 1953, Crow md Millea 1983, h ~ m e r  5984, Russell and Schuyler 1988, Pabras  
and Downs 1990). The cHis~bution of A. r ~ b r m  0111 a wide variety of sites in cesWd 
Pent~syIvat~ia can be epcglaind, in part, by genotypic v ~ a t i o n  and physiolagical plasticity 
(Abrams and Ktlbisk 1990). Some studies in&cate poor pe&omance of P .  ~erotim in 
understorqi conditions (cf. Mackey and Sivec 1973)) however we found this species mwing 
rather vigorously and ~cmi t ing  well in m s t  cases. Acer S Q C C ~ Y I & P ~ ,  usually a dominant 
understory species in other Quercus forests (Crow and NHer 1983, Parker er d. 1985, 
Nowacki er al. 19901, was lacking on most mesic seas, probably due to its low overstory 
importa~~.ce in the area. On tl~e drier upper slopes, trends towards A, pensylt~aniem, H. 
visginiarru, W. Bentiz, A. r a b r m  were appaEnt, &ougli; only the latter two species have 
overstog poter~tial, Regenemtion on the crest was p ~ m ~ i y  made up sf  B, fenfa and A, 
p~sa.sylvirnicmz. Successful seeding-to-sapling recnritmerst of Quercw species sdccuncd o3ly 
on coarse textured-valley floor kbcaticsns, combking with A. a d r m ,  P. sarabu~ and S .  
albr'durn to fonn the une2crstov. Abugdarat Qu~rcw regeneraion on xeric sites has been 
d~tamented elsewhere (Gysel arid Arend 1953, Overlease 197'8, McCune and Cottom 3985, 



Abrams 1986), and may be explained by higher fight levels at the forest Emr and fewer 
@ompzf;ng seedlirrgs of less &ought hofewnf species. We conclude from these data that fu"eseaare 
decreases of Quercrks will pmbnhly wcur, with corresponding increases of A. r:kbrm md P.  
serofirta on mesic sites Iwd A. rubrum and B. leafa on drier slopes and ridgetops, In the most 
xeric cornm~nit~es, Q&aercus seezns no be a satl~er stable conlpowent, although slight increases 
in A. P ~ ~ ~ P I P F T Z ,  S. (zibidant and/or B. !PB!Q magi occur. 

Befaia kenfa ofienm dominates secerztiy disturbed areax in central Peransylvmia, however it can 
d s s  occur i ~ a  shaded fosesz: undel-stories (Fswells 1965). Successiond mnds in this and other 
stu&es of noreheas~m forests suggest that B. fenfa has been inc~eadng in impoflance over the 
past few decades, possibly in response to caxaopy gaps ( G d  1968, Russell and Schuyler 
1988, Lwb 1990). Nonetheless, khe disraibajtioxx of B. Bents iin this study was res~icted to 
high-elevationat or xeric vdiey-floor forests. 

Resent-day mixed o& stmds seem to be h~ns i ca l ly  link& wirl.b intense m&ropgenic 
disturbances. Most stands included in the senmey ahc: assc~iatd with ~ c u d n g  bgghg and 
gar: &am 17610 to f9W. Even though Qtkerezas species were an iramgmant component in 
eastern p~settlement forests (Sears 1925, Braun 1950, Spun: 1951, Russell 1981, Abrms and 
Downs 1990), it seems BikeHy that their dominalce has been rnainuiried or even promored 
%Porn recurring bisrusbances due to rheir resistenca to fire md competitiveness in 
past-dis~urhance environments (Lorimer 1985, Ckow 1988, hlrlmer 1986), Nowacki ee al. 
1990). However, &creased! disturbance this century has led to c o n a ~ o n s  fravofing shade 
tolerant species, with few oppoflunitie~ for &tdf:rc~r establjshnaent and canopy 
Under today's low-&sturbanice regime, Querclas species will most 1&ely decline on dl but the 
most xeric sires. 
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