
COMPQSITPXON AND STRUCWRE OF AN OLD-GWOWm WRSUS 

A SECOND-Ca%saWH. WMH'E OAK FOEST IN S0UTjmSERN PENNSKVANIA 

Julie A* Downs md M a c  D. Abmms' 

Absmct: A relariveIy ilncSistwbed, o2d-gowP)t, Quercw aafba remnant and a second-gowth 
example of the forest type were sumeyed in 1988-89 to ixgvestigate the successiona4 status d 
Q. abba in the region. O&s (0. a l b ~ ,  Q. r&m, and Q. ~elgbim)  to~l fed  18% inapofimce i~ 
the old-mwth stand and 30% imponmce in the second-v-owth smd. The overstov of the 
old-pwth stand was mjngy comp~sed of L. tglipfira, F .  gsaradvolia, Q. adba 2nd Myssa 
sybvasica, whereas the oversto~y of the sxond-mw& stand was rnrPinfy &?. ~Eba with an 
relatively minor compnent of F. gradvolia, A .  ~ a c c / w r m ,  and L. fuLkbip$em. Acer rmRbrm, 
A. saccbrum, md Pr~nus serotim were the d o ~ n m t  seedings in both stands. m e  younger 
stmd had greater sapling knsity. Both smds had few Quercw ira&viduds in the understoq. 
The oldest and largest mes  in both samds were Q. aafh with ages of 318 yem and 148 y e m  
in the old-growth and second-growth stand, ~ s g e c ~ v e l y .  However, over 90% of all trees in 
the old-gowth stand were < 120 years-old, Logging uf severd mes in the 1930's and 40's 
appears to have accelerated the dominmce of the mix&-mesc~phygic species in the old-~owth 
forest. The radial growth patterns of trees varied with species and canopy position. 
However, the oldest oak mes had average growlla rates of < 0.75 nadp ancl > 1.5-2.0 
d y r  in the old-gowth and second-@ow& stands, respec~vely. Mmy of the understorgi 
trees had average growth rates of 1.5-2.8) d y s  in both stands. We believe. these stands 
represent an early versus late stage of oak replacemnt by mixed-mesophytic species, a 
process that seems inevitable h many eastern oak forests. 

Oak (Quercur;) forests do17ninate much of the eastern k i d u o u s  f m s t  blome and have been 
considered a dinaax type by early ecolsLgists (Braun 1950, Clements 1936). Indeed, oak 
presence and dominance was record& ir, p~settlernent forests of the northeast md 
~d-AtlmPic regions (Brornnley 1935, Loeb 1987, Russell 1980, Sec-or 19775, S p m  1951). 
Oak dominrnnce prim to European settlement In these regions may be explsained, in pm, by 
~ f e r i d c  f i e  set by early N a ~ v e  AmeGcarns md by Eghtning (Buetl et d. 1954, br imer  
1985). Following Emopean setdement, c u ~ n g  and slasb fkes further perp6:tuated. or even 
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caused an increase in oaks in many areas (Crow 1988, Lutz 1928, Nowacki et al. 1990, 
Whitney 1987). However, there now exists substantial documentation that oaks are failing to 
regenerate under their own canopy, especially on mesic sites, suggesting oak replacement by 
more shade tolerant species (Abrams 1986, Lorimer 1984, Nigh et al. 1985, Parker et al. 
1985). Much of this evidence, however, comes from studies of relatively young forests of 
generally less than 120-years-old with shade tolerant species confined to regeneration layers. 
Many eastern oak species can, in fact, live well over 300 years (Fowells 1965). Thus, 
examples of actual oak replacement with later successional species dominating the canopy of 
old-growth stands are lacking. 

In southwestern Pennsylvania we found a relatively undisturbed old-growth stand with white 
oak (Q. alba (L.)) trees up to 310 years in age. In the same area there also existed an 
undisturbed second-growth forest on a similar site with white oak trees up to 148 years in 
age. This paper compares the composition, age and diameter structure, radial growth patterns 
and regeneration trends in the old-growth stand with that of the second-growth stand to 
provide evidence that mesic white oak forests in this region are not a true climax type and, 
thus, are replaced by later successional species. Moreover, the results of this study may 
indicate whether successional trends apparent in the younger stand actually occurred in the 
old-growth stand. 

METHODS 

Study Area 

The 3 ha old-growth forest, known as Sophia's Woods, is located within the 270 ha 
Friendship Hill National Historic Site in Fayette County, in southwestern Pennsylvania. 
Friendship Hill preserves the country estate of Albert Gallitin, the United States Secretary of 
Treasury under Presidents Jefferson and Madison. Gallitin purchased this bnd in 1786 when 
it was virgin timber. At that time, Gallitin girdled and removed some of the forest for 
agricultural purposes. By 1880, after Gallitin had sold the estate, 90 ha were cleared for 
pasture and food crops, while 180 ha were left in mature timber. By 1895, only 80 ha 
remained wooded. 

A 1923 timber cruise of Friendship Hill reported that mature forests on the property were 
predominantly oaks "of the various species" with ages up to 260 years, and that some trees 
were of "unusual size" (e.g., the diameter of one white oak was 152 cm). It was also noted 
that Carya (hickory) and Quercus coccinea (Muench.) (scarlet oak) were "dying". This report 
recommended harvesting, but major timber operations were held off until the 1940's and 
lasted intermittently through- the 1950's. Between the 1930's and 1950's the amount of 
non-forest area within the property had more than doubled. 

Physical evidence within Sophia's Woods and growth patterns of the existing trees indicated 
that this area was selectively cut in ,the 1930's and 1940's. Several large oak stumps (dbh > 
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1 m) of low density (about 2 stumpsha) were irregularly distributed throughout the stand. 
Fire scarring on trees was lacking and only one uprooted tree was observed. Sophia's Woods 
is located on an upland bluff over the east bank of the Monongahela River. The stand is 
gently sloping (34%) and is bisected by two small streams. The Monongahela silt loam soil 
present is deep (1.5-5.0 m) and moderately well-drained. The permeability of this soil is 
moderately slow due to the presence of a fragipan, normally starting at a depth of 48 cm. 
The available moisture capacity is high (Kopas 1973). 

The 4 ha second-growth stand is located within the 1600 ha Bear Run Nature Reserve, also in 
Fayette County in southwestern Pennsylvania. This second-growth stand originated after 
clearcutting and is protected by the Western Pennsylvania Conservancy. No physical 
evidence of logging or fire since stand initiation was observed. The Bear Run site is located 
on an upland bluff over the east bank of the Youghiogheny River. The stand is gently 
sloping to the northwest and traversed by 3 small intermittent streams. The Dekalb soil 
present is a very stony, sandy loam and is moderately deep (0.6 -1.0 m). The permeability of 
the soil is rapid and the available moisture capacity can be low (Kopas 1973). 

The climate of Fayette County is humid continental. Annual precipitation averages 101 cm 
per year and is evenly distributed. The mean annual temperature is 12" C (monthly range = 
-18 to 35" C). The growing season averages about 169 days (Kopas 1973). 

Field Methods 

Trees (individuals > 10 cm at 1.37 m; dbh) of Sophia's Woods and Bear Run were surveyed 
during July 1988 and July 1989, respectively, using the point-quarter method (Cottarn and 
Curtis 1956). Twenty sample points located at 20 m intervals along transects were used. 
Transects were oriented to best include the entire study area and avoid edges. Species name, 
dbh and distance to the point center of the tree in each of four quadrants closest to the sample 
point were recorded. These data were used to calculate importance values for each tree 
species as the sum of relative dominance, frequency and density. The canopy class of each 
sample tree was rated as dominant, codominant, intermediate, or overtopped (cf. Smith 1986). 
Sample trees were also cored at 1.37 m for age determination. In Sophia's Woods every 
sample tree was cored because of the wide range of tree ages. In contrast, only two sample 
trees from each plot were cored in the younger Bear Run stand. A total of 61 suitable cores 
from Sophia's Woods were sanded, stained and measured for annual radial growth to the 
nearest 0.1 rnm with a dissecting scope and an ocular micrometer. A total of 37 suitable 
cores from Bear Run were analyzed using the same technique. 

Using the 20 sample points in the tree survey as centers, fixed area plots were established in 
both stands for regeneration data. Saplings (tree species c 10 cm dbh and taller than 1.37 m) 
and seedlings (tree species < 1.37 m tall) were counted by species in 10 m2 and 5 m2 plots, 
respectively. 
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In Sophia's Wr~cxls~ the old-growth stand, Fagw gr~nd$o%ia iEhrh.) (beech), Acer rubaum 
(L.) (red maple) and Liriodendron rteliggev~;e (L.) (tulip poplu)  presented 63% of the 
i m p ~ m c e  value total (Table 1). m i t e  o&* Qaerrsts r@bra (L.) (azonhem red oak), md Q. 
velutim (Lam.) (black oak) totalled only 18% ian~pofimence, The Hn~psfiance of white oak ia 
Sophia's Woods was mainly due to its high basni wea from a? few large diameter iin&vi&tudlls. 
Bear Run, the second-growth stand, was dsdnated by white oak, Acer SGCC~ATUTE (Marsh.) 
(sugar maple), red maple and tulip popla which represented 76% of the innpaflmnce value. 

Table 1.--Relative imwaance values for trees (> 14) crn dbh) sumeyed during %$88 md 1989 
in m old-pwah (Sophia's Woods) axd a s~ond-grr<awt%r (Bear Run) stand an mesic sites in 
southwest Pennsylvania. Relative importance vdue is the sum of the relative dofinamce, 
huency ,  and density divided by three for each species. 

Species Lmportance Value 

Sophia's W d s  Bear Run 

Acer r u h r m  20 12 

Curya spp. 1 2 

Ulmus spy. -- 4 

Bra~nkr seron'na (Ehrh.) (black cherry), red maple and slag= maple were the haomariramt 
s d i n g s  surveyed in Sophia's W d s  md Bea9 Run, despite the low irrmpo,stranee of black 
cherry trees on bath sires ('l'able 2). Sugar maple md red maple: had sinaitm seedling 
hnsities at Bear Run, while the density of red maplie seedings was 400% greater than &an of 
sagw maple in Sophia's Wwts.  Sophia's W d s  had gre8ter total seed4ing density than 



Table 2.--Seedling and sapliag data (no./ha +se) frbpm the 1988 md 1989 smey sf  an 
o l d - ~ w h  f m s t  (Sophia9s W a d s ,  S v  and a second-~owth fmsa (Bear Run, BR) on 
mesic sites in southwest Pennsylvania. 

Species Seaings  SapEings 

SM' BR SW BR 

Acer rlthrlkrn 2341#1231@ 7W2153 5022 9Wf 3 

Acer saccharurn 5lW261 7 1 W ~ l l 9  am23 SO-@ 

Pr~nrss serotina i 1W2138 143m2123 5022 5Wk15 

Mwsa sylvabica 4gm~l6f9 6W~lt 8 5 0 a  450~10 

Qaaercus alba 3cKBk82 5W218 029 3W28 

Quercus rubra 25OQk58 SO(P+-22 029 023) 

d;btkerca(: velarim 10095 0 9  0 9  029 

Fraxknm spp. 1500~27 7W1t.17 10<13-3 1 5 0 9  

Fagus grandifolia! 1 1MI-b-15 3(@28 %W&5 7Wk14 

C a m  spp. 500&18 9W1)d;25 0 9  1W23 

Cornus floricla 10025 9Wk25 0 9  1M23 

Hamumelis vlrginiana 0 3  49W2159 029 6m~16 

Crataegm spp. 0 . 9  7W23 0 3  5022 

Sass~afras ~ i b i d w  0 9  m215 0 f l  $9 
Ubmm spp. 0 9  SW&25 0 s  5 0 ~ 2  

Asimina driloba o@ 4W212 029 10023 

Betula lenta 020 B 0025 0 9  5022 

Liriodendron tulipifera 0 s  H 0025 0 9  50+J 

Beas Run and mice the number sf species with seeding density > 186BOha. However, these: 
specks (which includd PJyssa sylvafica Wmh.1 (b'lack~m), n e e m  red s&, white oak, 
Faaxlnlas sgp, (ash) and beech) had few if m y  saplings (from 0-BWha) in Sophia's W d s .  
At Bear Run these same species had saplings with densities in the range sf  150-9Mba (with 
the exception of northern red oak). S d i n g s  and saplings of tauHip popfu wex absent ia the 
s m p b  plots at both sites, but were obsemed under c m q y  gaps. 



Dimeter class dEsrP.ibufie4n in both stands approximated a reverse-J curve eypfca? 05  ail 
uneven-aged condition (Figure 1 )  (cf. Smith 1986). In Sophia's W d s  the large dimefey  
dasses ( > 60 cm) were dominated by white oak and beech, whereas the medium cHknsses 
(35-60 em) were dominated by tulip p o p l ~  md beech with some blackgum. 'BTfle small 
&fianaaeter classes ( < 35 cm) as Sophia" W d s  were donrainated by red maple, with some 
sugar maple, beech and tulip poplar dscr presertt. White oak and beech doaninateha the larger 
md medium diameter classes and sugar maple fo'ollawed by red maple kiominated the smdaer 
&meter crasses at Bear Run. RelasiveIy few oak trees were surveyed in the smaller diameter 
classes at either site. Diameter dishburion anmd tree size was similar in both stands despite the 
great difference in stand ages. 
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Figure 1. Diameter disrributim of tree species in an old-pow& oak f o ~ s t  (Sop&a's Waods) and ra mnd-growth 
o& forcst (Beax Run) in solpthwes&m Pccnnsytvanra. 0 th  species include Berula lenda, Prunus ~erotiwa, Tifzdlice 
amricantr, &*arntacflorialo and Aeseultcs spp. in Sophia" WWoads and Pfk~uIca fcnta, Prmlrr serotina, Corn-marsftorida, 
C a w  sp. and Ulmus spp. in Bws Run. The Bear Run distpiit?uGon excludes a white oak tree surveyed in the 125 cm 
class. 



Table 3.--Canopy and dkdnp~eter class &s+burions among the s m e y e d  wees at Sophia's 
W d s  (SW) and Bear Run (BR), o l d - p w &  md second-pow& stands, respectively, in 
southwest Pennsylvania, surveyed in 1988 and 1989. N=nramber of inliiividrxals. h g e ,  
m d u m  and small diameter classes are dbh r$B, 35-60 and 4 5  ctn, respecdvely. 

Canopy Glass Species N Diameter Qass 

SW BW SW BR 
Dominant: Liriodeadron tui'ipgera 5 1 Medium Large 

Fagus grargdifolia 4 1 Large Large 
Quercm atba 3 3 Large Large 
Qr4ercus veiutim 1 B) Medurn ----- 

Codominant: Liriodendron rulipgera 2 3 M d u m  Medium 
Fagm grandqolia 2 1 Medium Medium 
Myssa sylvatica 1 0 Me&um ------ 
Betula Benra 1 0 ~d~~ ------ 

Acer saccharurn 0 2 ------ Medium 
Acer rubrum 0 1 ------ Medium 

Intermediate: Fagw grandqola 6 0 Medium ------ 
Liriodendron tulipVera 4 1 Small Medium 
Acer rtlbrlm 2 3 Small Small 
Acer sacchurm 0 9 ----- Smdl 
Quercw rlahra 2 63 Medium ----- 
Quercw velt~tina 1 0 Medium ----- 
Caqa spg. 0 2 ------ Small 
Ulmias spg. 0 2 ---".-- Smdl 
Br~dn~s  serotilaa 0 I ------ Smdl 

Overtopped: Acer rubrum 22 8 §ma41 Smdl 
Acer saccharm 6 18 Small Small 
Fagus gradifolia 7 2 Small Small. 
Liriodendrcln tulipifera 2 2 Small Smdl 
Bettcla lenta 2 3 Small Small 
Carya spp. 1 0 Smdl ----- 
Pmnus serotina 2 0 Small ----- 
Quercw r&m 1 I Small Smd1 
Quercus aalhce 0 1 ----- Smalelil 
Querctss velutim 0 1 ----- Small 
Cornlcs florida 1 4 Small Small 
Ulmus spp. 0 1 ----- SmIi  
Npsa sylvatica 0 1 -".--- Small 



Canopy posificsn of mes ir! Sophia's W d s  and Bear Run WTLS closely relabed to akicir 
respective diameter class (Table 3). Herwever, spmes campra%i:ion whknirr campy chassl~s 
differed between the old-@ow& and second gc>earth stands. More dominnant beech and tulip 
poplar were surveyed at Sophia's W d s  versus Bew Run. Eight cdsminmt white oaks 
were surveyed at Bear Run comptur;d to none at Sophia's W d s .  Suga  maple mhi. red 
anadple were ovesstvP)r codominants at Bear Run but nof at Sophia's W~mds. Saphja9f; W&S 
had a greater naurnber of dominant overstov species, which included blxckgum, black oak, 
md Betala Ecnta (L.) (black birch), not present at Bear Run. Overtopped trees in Sophia's 
W d s  were primag+ly red maple, beech and sugar maple, while at Bear Run more overpopped 
saga  maple m d  less beech and red maple were present. 

Two white oaks were estimatd to be > 300 yess-old at Sophia's W d s  (Figure 2). 
HQWCV~T. greater than 90% of all sampled trees were less than 120 years-old, indu&ng many 
beech, tulip poplar and red maple, but few oaks. Severd beech arad tulip poplar were in the 
canopy despite their relatively young ages (Table 3). At Bear Run, white oak, with a 
mmimum age of 148 years, and to a lesser extent beech, domjinsted the higher age classes. A 
gseater number of 90-148 year-old white oaks were surveyed ;at Bear Run compaed to 
Sophia's WCHPCIs. Sugar maple was much more d o ~ n m t  in the younger age eclsses at Bear 
Run compared to Sophia's Woods. Relatively few individuspjis in the 20-yeax class were 
obsemed at either site. 

Ripdjd p w t h  patterns of the survey& trees varied with species and canopy posieion in both 
stands (Figures 3 and 4). Several cores d Sophia's Weds showed release in the 1930's and 
40's which coincided with reported logging acGvigies (Figure 313, E, F, G ,  and H). Many 
taws in Bear Run also exhibited perirxBic release, such as iintenne&aate white oak, red maple 
and sugar maple, presumabiy in response to n;ntural gaps (Figure 43, D, G). A cdominanr 
sugar maple in Bear Run had high but decmasing growth with age, suggesting it had 
o~ginated in a gap and had no accelerdtd gmwtb after reaching the canopy (Pigme 4C) (cf. 
b ~ a l e r  et at. 198%). A dominant white nak in Sophia's W d s  exhibit& this same pattern 
(Figtare 363). An understmy nodl1em red oak at Bear Run had early gowth of 5.8 d y r  and 
a decrease to e 1.0 rnxlidyr probably as a result of gap GIOSUE (Figme 4H). A ccpdominaxmt 
beech at Bear Run (Figure 4E) &splayed mcbderate, low, then high rdial  growth, smgges~~~g 
that it gmw during the opening and closing af a gap md then was released upon reaching the 
canopy. Tulip poplar exhibited the highest average growth rane of any species in both sands 
(3.8 mnk,~) ,  with no extended periods of supp~ssion. 

Diffe~taces in radial growth between stands were appment when comparing the oldest oaks. 
tat Sophia's Woods s 320 year-old white oak md a 248 y e a  dd. black oak averaged .: 
0.6%)-0.75 mdyr radial grawrh (Figure 3A, B). Ira contrast, the oidest white oaks of Bear Run 
averdged > 1.5-2.0 d y r  radial g o w h  @we $A, B). Younger Bees of all species at bh 
sires, in general, had average p w h  rates e x c d n g  1.5-2.0 m d y .  
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Figtare 2. Age &stribo~on of tree spxies in an old-mw& h. oako~est (S;o&ia1s W-1 md a mad-@ow& o;eBs 
forest (Bear Run) in sou&wesis,m Pennsylvania. Other species iwhdeBetrela bnra, Prasaes serrztim, EHio 
amricam, Cor~lusflorida md Aescdus spp. in Sophia's W d q  anad Pranus serarim, &:atyo spp. aard W I w  spp. in 
Bear Ron. 

DISCUSSION 

Resettlement forests af southwestern Pennsykmia were dsmiraaM by white: oak ( B r m  
1950, Jenning 1927). B m h  may have k e n  a c&omimwant with white oak ibn the a~g ina l  
forests (Braun 1950), md a1 F~enbship Ell one beech and two white a& were among Gve 
trees present in a 1787 s w e y  of the property comers. '$$re age of b c k x  mes relative to 
white oak in the original forests; is unhown,  but they were &stincrly younger than the white 
oaks in Sophia's W d s ,  despite that beech can live over 300 yeas- Periodic fue by Sative 
Americas and lightaning seems to be respmsible, at Beast in part, for ~ k e  prd09a71nmce of oak 
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Figure 3. Radial @ow& of repre~nt~eive urn in an old-growah white oak forest (Sophia's W d s )  located in 
wutEmwcseem Pcnnsyiivmia. Ixsders in papenthcscs indicatc canopy class as follows: D = domiriant, gl = 
mominauat, I = intemdiatc, O = ovmo* (cf. Smith 1986). 
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Figme 4. R d i J  gonrth of representalive trees in a young-mature white oak forest @ear Ron) l o c a ~ d  in 
southwestern Pcnnsylvmia. Letters in g~asenllieses indicate campy class a$ folIowc D = dominant, C = 
dorninanL I = haemdate, O = avertog,w (cf. Smith 19%). 



in the: regio~", prior to European settlement G3kaell ee a. 1954, L~ri:ner 1984). Not 
swrisingly, Rcjwever, fire scaring clan trees was snipt observed aa. Sophia" YWmds, which has 
been a counsry estate for 'the last ZSI  years, Sophiti's -iPbt&s was prob%b;lrb:y dominated by 
white oak in the l@X-17W's. Five mes (foenr oak %-id one blackgum) in the stand were ewer 
195 yeas zxt~cl the two ddest trees were white oak of aver 390 years. 

188% sf the older mes setweyesf at Sophia's W d s  exhibited slaw radj.al gowth of 
approximately 0.60-0.75 m*r, The specifi~eason for slow mw& of the oldest white o& 
is unknown, but may be related to growing up in snrndl gaps af an uneven-aged forest, OX- 10 
the &Eerentiai survival of slow @rowing inegividuds in an even-aged oak ccelnofi. In conmst, 
&: white oak of Be% Run originated $uectfy after Ifasggng and exhibitecl high growth rates (> 
1.5-2.0 mn$yr) probably in Espsnse to gowing in high light, Likewise, many present-day 
nofieastern, I,ake Stares and Central Pldxns oak forests have rrrt even-aged cohort of oak h a t  
sflginated either directly after lxge-scale &stanrbnnces, such as Bogging and fire, m the 
cessations of prairie fixes and exhibited re la~wly  high growth rates (Abrms 1986, Qox 1984p 
b ~ m e r  1981, Nowacki et al. 11998, Oliver and Stephens 1977). The younger nofibern red 
oaks in Sophia's Woods had much higher radial gow& than the older white s&s and black 
oaks, suggesdng that these individuals benefited from wa te r  understov Sight conc%iPions 
created by periodic logging cpr other graip-c~ating events. Relatively high growth rates with 
little or no periods of pmbnged suppression were also exhibited by younger trees sf beech, 
tulip poplar; red naapiple and sugar maple at Sophia's W m s ,  which miPtched the gowth rates 
of those species at Bear Run. The general scarcity of vees > 195 yews and the consistendy 
high growth rates of younger inaviduals in Sophia" W\Nos suggest the m c m n c e  of 
selective logging not reported in the historical record. 

O&s at both study sites were reprcsenaed dmsse exclusively in the older age and miale to 
Isflger &&meter classes, wish the slight exception of nonlacrn red oak. Nonheraa red oaks were 
also pmsena in the smaller &&meter classes of two virgin hemlock-pine forests in 
nosrRwestern Pen~x~sylvagtia (Morsy 1936a), and were able to mdnt in  a minor place in the 
forest canopy by illfrequent gap capture in a southern Appaliichim h x d w d  forest (Bafc%en 
1981). A scarcity of young oak trees is typical of many forests in eastern Nosh Ame~ca, 
md this has been used as evidence for predicting oak replacement by more shade tolermt 
s ~ c i e s  (Ahrams 1986, Adarns and Anderson 19130, kd i sh  1988, &st et d. 1987, ILcPrimcr 
1984, Nowacki et al. 1990, Prxker ek d. 1985). 

In b t h  Sophia's Wmds and Bear Run, beech, tulip popla, red maple and sugar maple 
dominated the smaller and middle tree classes. In ad&tion, mmy beech and tulip poplar md 
some blackgum, Rlia americatta (k.) (bas swd)  and black birch also d o ~ n a t e d  the upper 
canopy at Sophia" W d s .  This csnaastd with &e predominance cpf white a& at Bear Run 
as86 suggests that Sophia's W d s  is in a later stage of ~ f &  replacement. Red maple and 
suga maple mes  at Sophia's W d s  were generaUy smaller in &meter and height than the 
other mesophytib: h a d w d s ,  but showed every iin&casion of becoming a cdorrninarmt in the 
canopy irr the near future. Red maple and sugs  maphe were present as coc8nminants and 
dominated as understory Bees at itear Run. 'fius, a pattern of decreasing oak; md increasing 
sugar and red maple impa~tza~cnlce. was also apgmnt in this stand- The more advmcd st am^ of 
maples at Bear Run versus Sophia's W d s  may be due to she motre extensive or complete 



Bog&g of that stand. We were somewhat sqGfi& at the higher impoflmce of sugrtr n~ipplf: 
at atex Run which has soil wish lower moistme h o l h g  capacity &an that at Sophia's 
W d s .  Orher studies repomd higher red m p l e  &an sugar maple in brier oak f o ~ s t s  (Host 
et d, 1987, Nowacki et a%, 190). 

A pattern of gadud  de,creasing oak md inc~asing tulip poplx, beech md  some redt maple 
trees in Sophia's WosrEs was agpwent before the selective logging in the 1930-40's. 
However, peak recruimlerzt of these species a d  sugar maple wcumed during and sho~gly after 
lsg@ng. Thus, this stand seems to kave expe~enced accelemted succession of 
~x&-mesophytic "ndwods fsliowitag bgging ( cf. AAbrams md  Scott 1989, Lorimer 8985). 
SidIarly, gaps created by oak wilt or gypsy rnodiia in eastern md l ake  States forests became 
dominated by sugar irmdple or red maple (Collins 1961, Mewges anrd b u c k s  1983, Pjlon et d. 
1983), Beech has been reported to grow slowly as saplings beneath overstosy conifers or 
hwdwods and then extend xo the canopy following subsequent &stwbance (Foster 1988, 
S p w  1956). The smdf number of younger mes ( in the 20-yea age class) md saplhgs in 
banh stands may be due to moraopoliza~on of Rsources (e-g. from canspy closure) by older, 
s h d e  tolerant om: gap-specialist trees. 

Red mple  was a dodnmt seedling n Sophia's woods rand Bear Run, which was consistent 
with its importance as m understory tree at both sites. Red maple is the dominmt s e d i n g  in 
lgiarny eastern and Lake States oak forests (Ch~stenasen 1977, Host et d. 1987, Lorimer 1984, 
Nowrneki et aB. 1990). Beech was poorly ~ p ~ s e n t e d  as smetlings at both sites which 
conwasts with its reputation of forming a dense seedling layer even in heavily shaded 
understcj~es (C~rt is  and Rushmore 1958, Fowelils 1965). Howew, beech seedings were also 
scarce in many southeastern Pennsylvania h a d w d  f o ~ ~ t s ,  where rep~duceion of &is 
species occurs mainly from root suckers (Keever 1973). RegmdBess, beech was present in 
most age classes in both stands. Tulip poplar dso dominated the overstory but was not 
surveyed in the seedling layer as either site. Tulip pop8a~ is inmleltrant of shade, but is a 
component of old-growth forests because it is ban agwssive gap-phase species that often 
do&nates its own gaps, and because trees of this species obtain p a t  size and age (Bucher 
and Mcaacken 1978). Nonhem red oak and white oak were well represent& as seedlings 
at Sophia's W c ~ d s ,  but they were poorly represent& at Bear Run. N o ~ h e m  red oak has had 
some recmitmene into the tree size class over the Bast 80 yexs inn Sophia's W d s  whereas 
white oak has not. Oak recruitment in c lo sd  stmds nwy be f i d t d  to whether or not a 
substantid number of oak seedlings are present (Abrms 1986, Mowacki et d. 1990). 

Black cherry seedlings d o ~ n a t d  at Bear Run and were second in a b u n h c e  to r e d  mapb at 
Sophia's Woods, despite the presence of only a few black cheny trees in b t h  stands. The 
adults in Sophia's Woods were only about 20-years-old, which suggests &at black c h e q  
invded the stand tela~vely recently. Black chew rmimenat in Rspnss: to cznrmopy gaps 
has been repotled for oak w d s  in Wisccbnsin (Aucl& and Gomm 1971, McCune and 
Comm 1985), and has been observd in mesic white oak stands in centrd Pennsylvmia 
(Plfowachcki and Abrams, unpublished data). We mticipate a gradual increase of black cherry 
into the canopy of Sophia's W d s  and Bear Run. 



Ira eoaiclassiun, Sophia's W d s  1s a E m a n t  white a& farrest in a late stage of oak 
replacement. fiesertlement white oak forests in she region were probably m&nt&ined by 
pef-idic f ie .  Younger mixed-oak forests in the region we most likely ra direct response to 
wide-spread cutting and subsequent fke in lhe mid-to late-1I(WYs (Powell md CoasigLinc 
8982). Sophia's W d s  has been a part of a cottntry estate since rhe late 17W's, dufing 
which time Ere frequency was most likely ~ d u c e d  ma a succes~ion from white o& to 
fixed-mesophytic species has caccurred. No white oaks under 130-yews-old were surveyd, 
wheheas numerous beech, tulip poplar, red maple, and sugar mapie trees Iess than 120 
yea-old were present. A succession tovvasd these mix&-mesophytic species was also 
appmnt at Bear Run, bur because of the relaGvely young stand age white oak still dominated. 
Replacement of oaks on un&sturbed sites is relatively slow due to their longevity, but the 
results of this and previous studies of second growth oak forests indicate the inevitability of 
&is process in many eastern fmsts. 
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