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• 
oak woods. the \.Vi Ilia 111 L. Hu tchcson M cn1orial F oro;:st is 
higher in nun, bcr of tree species. pcrceo t exotic s pccies. pcn.:cn 1 

undcrstory. subcanopy and large shrub layer species. seedlings 
of f'raxi11us a,nericana, A.cer platanoides and the red oak 
group, saplings of Fraxirtus americana. trees of Cornus Jlorida 
and Quercus alba, and range of soil rnoislure condiliol\s. l-l;\1 F 
is typical in the number of soil types present and the perct!nl~ or 
canopy. edge. central closed canopy, and lo\.vland species. It i:; 
lo\ver than usual in seedlings. saplings and trees of Acer ru
brun1, A. saccharun-1 and }-agus grandifolill, seedlings of Prunus 
serotina. and trees of Quercus velutina. Relative to the other 
woods. at HM F Fraxinus americana and Acer rubrun1 are like• 
ly to continue their unusual in1portances, Corn us florida i:.; like
ly lo bccon1e more typical. and Acer plaJanoides and Prunus 
serorina 1norc atypical. Relative to the prcsent HMF structt1rc 
Acer saccharum is likely to increase in importance. and 
Quercus alba. Car_va spp. and Prunus avium decre~1se, "fhc 
hi)!.ber lrec speci~~ diversity at l-I tv1 F. characteriz~d by spe~ics 
of lO\\er l'or~i;t ~trala and n1any cxo\ics. may be related to 
higher people use. Communily c.:Qe('ficient values and con1posi
tion of dominant species indil:atc liutchcson Metnorial f"ore\o'..l 
is broadly representative of the forests on the upland red shalt: 
New Jersey Pied1nonL 

An ex.ceptional amounl of research has bt!en done at 
the William L. Hutcheson Memorial Forest in the l::tsl 
.2S yellrs. vvith over 80 pu b!ishcd papers and report:5 
based on work in the woods and adjacent fields (Small 
197 3). The forest structure has been described as a 
mixed Quercus canopy, Cornus florida understory. and 
Viburnum shrub layer (Bard 1952; Buell 1957; Monk 
1957. 1961a; Sulser 1971). Vascular plan! species di'l~r 

. ~ily in~ludes 40 tree-;, 3~: shrubs and 232 herbs (f'rei an·ct · 
Fairbrothers l 963). Fifteen percent of the tree specie.s 
and 22% of the total species are exotic (alien) species, 
some of which are increasing in dominance (Frei and 
Fairbrothers 1963: Ambler 1965: Sulser 1971). The spc· 
cies abundances of the forest edge are relatively distinct 
from the closed canopy, which, however, contains nu
merous gaps (Wales 1972). ·rhough this old forest has 
apparently been unburned for 3 centuries and uncut. 
major windstorn1s and perhaps pest outbreaks have 
caused pulses of change in the woods. and it is suggested 
that maples, beech and ash are slowly increasing at the 
e.x.pense of oaks and hickories (Buell 1957; Monk 1961 b; 
Reiners and Reiners 1965~ Sulser 197 l ). Are these forest 
characteristics and changes representative of the woods 
on the red shale Piedn1ont of New Jersev, or is this an 

J 

atypical woods for the region? 
The region is broadly classified as oak-~hestnut t\)resl 

in a study of the eastern United States (Braun 1950) or 
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n1ixed oak forest in a study of New Jersey (Robii;:h" 
and Buell 1973). Detailed studies of forest strucfut;'_ 
Cushetunk Mountain (C:antlc>n 1953), Voorhees 'S 
Park (McDonough and Buell l 956), Watchung Rese~ 
tion in Union Co. (Baird 1956), Herrontown Wo" 
Princeton (Kra1ner 1971 ). and the In~titutc Wrii 
Princeton (Horn 1971, 1975) are a1! on distinct geolo 
suhstrata and soils adjacent to the red shale Piedrn6 
Lowland woodlands in the Piedm<)nt arc described" 
\he Raritan River ( Buell and Wistendahl 1955; Wisf -
dahl \ 958 ), ~1illstone River (Van V echten and B-;: 
1959) and Stony Brook ( Horn l 97 l, 1975). In the apt: 
e.nt absence of detailed studies in other woods ot 
upland. red shale lliedmonl. Hut~hes(}n Memo·•,. 
F ~ rest ~HM I-') has be~n assumed to be repr\:,sentativ{I 
this region_ ·<I 

The .... objectives of this study are to (a) compare,f 
l-{utcheson M.emorial Forest with other wood~-,0-~ 
nun1bcrs, types, con1position and importances of ti 
species, and (b) look for evidence of relative f-utu~ 

-~· 
changes between HMF and the other ~-oods, as welfal 
within f{utcheson Men1orial Forest itself. 

Methods 

Eight woods surroun(lecl hy fields, in addition lo ijutjJ 
chest1n Me,norial F ~resl, we~e selecte_d in _a rural N,j' 
Jersey area approx1n1ately 32 krn 1n d1a meter ·a;; 
bounded by New Brunswick., Oldwick, Flemington ~'b~ 
Princeton. The woods are 20-100 m elevation in a Trias~ 
sic red shale rcgi<)n of the Pied[nt)nt (l_ewis and Kumniit 

· . . )>·~~ 

19 l 5: Wt•irrlt.!r l 964 }. S(): ls ar~ p!ed01ninan\.1)' silt fn<t 
shaly l(>ams of the Penn (including Norton} series ofmt 
Brunswick formati<>n (Tedrow l 963; Ugolini 1964; u;§J. 
S~ii C~nservatio~ Service 1958-196 ~) ._ T~e clima~:1 
mild, with approximately 100 cm prec1p1tatton relat1v~fi 
evenly distributed through the vear. averaire annual te~ 

, - .., ... . .:. ·-~ 
perature 11.7°(, and an avera!,;!e monthlv temperatu~~: 
range of 0.0-24.0°C (Biel 1958~ U.S. \1/~ather B~re~\t 
1959) ,·:.' ,;~; 

. . : ~-.,~:t~ 
Criteria for woods selection were the presence of mi{ 

lure trees (60-10() cn1 dbh, diameter measured 1.5 fu~ 
above ground level) over the entire woods, all for~( 
structural layers (canopy, subcanopy, understory. ~hr~~~ 
and herb), discreteness from the surrounding fields, a~:l 
proximately isodia metric shap~. mature edges. lar.g~; 
size, slope not exceeding l 0°, well drained soil. lack ,Qf 
dislurhance (recent fire, cutting, etc.), absence :~j 
stream~, and distance from populalion centers and P~\l 
lution sources. Three size classes were used, 7 .5 ha. 10 hi 
and 24 ha, and one woods of each size was selected in tli~ 



'.:{;tc/i·(.:::' · · I' the studv area. one of each size in the '" , .·• h n portion o - -
~\}~Qrf .~r ortion. and one? f each siz~ in the southern po_r-
:i_:~Jntr.a l~tcheson !'v1cmor1al ~ores~ 1s the 2~ h~ woods 1n 
;.::('u~n::~ · r• I pl">rtion. In the tollow1ng descriptions of the : --. he cent. a . . . 
//{};.: ·ds ~iiocation and so1!s ~re g1 ven. pl us ~ny exceptions 
-( ·,,\\'OP_ · '·bo· v·e J '1..:ted c ri ter1a for woods selection. •-~ ; · the a ., :_~; '?<:-i; .• .· . 
~~:·;:~1/s:(7.5 ha \VOOds in the northern p~rt10~), l'vtaryknoll 
j·;;c:.' '.\J§ ~:F:iri11 \Vest. Three k.m north of Whitehouse Sta
,~;/)'.: ':i, :tion. approxirnatcly 0.6 km west of route 523. 
:;:::_; __ L \·Soils: 60 1;;L Norton I_oam ~roded. 40% Norton 
:,;,:;:;,;/:_,/;loam. Gaps ..:on1mon 1n portion due to recent cut
{ :;) >:;: .tin 2, edge indistinct in places. 
·"~::c7:.5, _W~hcndorf-P~err~ Woods. Three km south of 
_;:'::-: Whitehouse Station, at end of Edgewood Rd., I 

~ . . . . . . .. 

);;,_i/;;::C:. km east of route 523. Soils: 459f; Penn shaly silt 
· -::-'.;;-/;,:·1oi1m, 45% Penn shaly silt loan1 eroded, 10% Rea
;;:'.::: :\ :- ville silt loa rn \vet. Rectangular shape, tern porary 
'. ·,_ • .::-:··::- · · .. 'stre·1m 

::•:· .~.:· . . '\: : .; : . . ' . 
. J::Ys.1:f .. Water Tov,er Woods. Northeast of Bia wen burg, 

:.,;'.'})/0: -approximately 3 km north of route 518. 2 km west 
,. ·:·J.<.::_i .. ·' of route 206, north side of Sunset Road. Soils: 

",;{:,:;:; · 70% Royce silt loam, 5% Royce silt loam eroded, 
1 

,-.'.")/ JO<-J; Lansdo\vne silt loam, 15% Birdsboro gravelly 
: /~,, -:-;.' · loarn. U nderstory with non-uniform coveraee. . . .. .. ::·. . ~ 

i~:; : '·: sorne \\'OOd cut for firewood. large water tower. 
j:/:--:VIQ. Marykn~II :arn1 East. Three km north of White-_ 
·' •• • 1_ • . house Station. approx1matelv 0.3 km west ol 
<<; ( route 523. Soils: 80% Norto; loam eroded. 20% 
· '-: :; ,: : Nortl)n loarn. Gaps co,nmon in portion due to 
'tc::.<: ,., recent cutting, t:dge indistinct in places. 
~ c.·/o: ·Reno.Farm. S0uth of Whitehouse Station, ap
[ ;;•;~ proxin,ately 2 kn1 north of Pleasant Run, by high 
f:_: )< tension \vi rt:s on_ east side of Cole Road .. Soi~s: 
i ... · 40% P1.:nn shalv silt i<)am eroded. 40%) Reav11le silt 

• • • ' : ' ,.I 

}'. :.·: loam, 20%1 Penn-Bucks complex. Rectangular in 
:} ;· ~, shape, permanent stream, understory with non
> .. ' , · .. uniform coverage. 1972 ground fire in one corner. 

f•!'.:' Sip. Ringocs c·o~so Woods. Three km west of Ri~
i ·. . · goes. approximately 0.3 km south of Sergeantsv1l
'' ~ ,, ·.; ie Rd. Soils: 90'.Yo Penn shaly siit loam eroded, 

IOo/o Rough broken land. shale (bedrock at surface 
_, .... _: ·. · with patches of thin soil). Permanent stream, edge 

<.-

indistinct in places, house near edge. 
il'v24, Treetops. Tv10 kn1 south of Lamington, south of 

' ·. · · · interstutt: highway 78, west of Lamington River, 
-'. . · · and immediately west of Fiddlers Elbow golf 

course. Soils: 40% Athol gravelly loam, 20% 
Lansdo\vnc silt loam. 20% Annandale and Ed
neyville gravelly loam, 10% Athol gravelly loam 
eroded, 5% Reaville silt loam wet, 5% Norton 

·_. _·. ·:·· loam eroded. Standing \vater, gaps common in 
;, · · ·· •· · portion due to recent cutting. houses near edge, 

. . . . soils mainly developed from glacial till and cal
car~ous conglomerate. 

>•. C24, Willia1n L. Hutcheson Memorial Forest. One km 
east of East Millstone. on south side of route 514 
Soils: 50% Penn shaly silt loam, 20~> Royce sil{ 
loam. 15% Croton silt loam, 15% Lansdowne silt 
loan1. Rectangular shape, permanent stream. 
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standing water. gaps common due to blowdowns. 
western portion beyond the narrows excluded. 

S2 4, Western Electric Woods. One km sou th of l'v1 t. 
Rose and I km west of route 569. Soils: 70o/c; Rea
ville silt loam. 8% Penn shalv silt loam, 5r1 Bo\v--mansville silt loam. 5% Klinesville shalv loam. 5% , 

Doylestown silt loam, 3% Reaville silt loam wet. 
3% Rcaville silt loam eroded. Permanent strean1, 
standing water. understorv non-uniform coverage. 

- J ~ . 

and grazed, burned or cleared recently near somt! 
edges. 

Sampling for tree species was done between August 
I 972 and Septemb~r 197 3. and 3 n1ethods were uti I ized: 
quadrats, transects and reconnaissance. A series of par
allel lines, marked with colorful plastic flagging. divided 
each woods into 30 m wide sections, running perpendic
ular to the straightest long edge of the -.voods. Quadrats 
were located in a stratified random manner throui::?hout ,. 
the woods (including the edge portions) using the 
n1arked sections. Quad rats were 40 x IO n1 f<Jr trees 
(> 10 cm dbh). I() x 2.5 m for saplings ( < 10 cm and > 
2.5 cm dbh), and 2.5 x 0.5 m for seedlings ( < 2.5 cm 
dbh). The sapling and seedling quadrats were nested in a 
constant corner of the tree quadrats. All individuals ex
hibiting a single-stemmed growth pattern. ext:luding 
vines, and a dbh :2'.. 2.5 cm were included as trees or sap
lings. All seedlings of those species which at least oc
casionally atlain tree or sapling status in tht: study area 
were included. Hutcheson Ivf emorial Forest was san1-
pled with 116 quad rats. 1V JO woods with 55, S7.5 woods 
with 45, and bast!d on the point where s pecies-arca 
curves for these 3 woods begin to level off. 10 quadrats 
were dont: in the re1naining wo<>ds. Presence and abun-... 
dance of species were recorded. 

Tran sects v,ere IO x 90 m running perpendicular to the 
edge of the woods and from the outer canopy level limbs 
toward the center of the woods. Transects were located 
randomly along the straightest east or west edge, but no 
closer than 30 m from a north or south edue. Presence . .... 
abundance and dhh of trees and saplings were recorded. 
fotJrleen tran:,ects were sa1npled at the lV /0 "voods. 8 at 
S7.5, 4 at C24 (HM F), and 3 at the remaining woods. In 
the absence of good east and west edges \vith well 
drained woods at Hutcheson Memorial f-'orest, 2 tran
sects were from the south edge between the trail and the 
''dog leg" and 2 from the north edge opposite these (see 
map in Monk 1957). 

Reconnaissance was done hy walking at approxi
mately IO m intervals in a zig-zag fashion between the 
marked lines 30 m apart. Species absent from the qua
drats and transects were recorded. Distance .traversed 
and Lime in reconnaissance sampling were approxi
mately proportional to the area of the woods. 

Tree species were identified with Fernald ( 1950), 
Gleason ( 1962). Harlow ( 1959) and the Chrysler Her
barium at Rutgers University. We divided the species 
into 4 growth form categories based on the normal max
irr1un1 level attained in the forests: canopy. subcanopy. 
understory and large shrub. Species were classified as 
edge species, closed canopy spet:ies, and lowland species 

; ., 



according to \Vales (1969), Agri1.:ul1urc Handbook No. 
271 ( 1965), Harlow ( I 959), and observations of distribu
tions in this study. Species were classified as exotic if not 
native east of thr.! .A.ppalachian Mountains. More de
tailed descriptions of study areas, tree and soil san1pling 
are given in Galli ( 1973) and Elfstrom (M.S. thesis in 
preparation). . 

Soil types were determined from detailed maps of the 
soils in each county (U.S. Soil Conservation Service 
1958-1967). All samples for soil moisture were collected 
on the same day in late May l 973, weighed, dried al 
105°C for 48 hrs, and reweighed to detern,ine percent 
weight loss. Ten samples were taken in c:-;ach woods. If• 
there were no obviously wet or dry areas, samples were 
taken in a stratified random manner using the marked 
lines 30 m apart. When distinctly wetter or drier areas 
wer~ evident in a woods, 5 samples were taken in the 
wetter areas and 5 samples in the drier areas, in order to 
determine the range of soil moisture con di tons present. 

Result's 

We encountered a total of 41 species with a dbh ~ 2.5 
cm in Hutcheson Memorial forest based on quadraL 
sampling and reconnaissance (table l ). The average total 
number of species in the other 8 woods was 32.4 (stan
dard deviation = ~.0), or if only the two 24 ha woods 
equal in size to HMF are considered, 34.0 (sd = 5.7). 
Therefore species diversity, measured as number of spe
cies, appears higher at Hutcheson l\llemorial Forest than 
at the other woods in the region. When the quadrat data 
alone are com pared (table l ), based on l O q uadra ts se
lected in a stratified random fashion in all woods, we 
find: H \\t1 F l 6 spe_cies .. 8--.v(iods average 16.9 (sd = l .3), 
and 2-woods average 16.5 (sd = 0.7). Thus the greater 
species diversity at Hutcheson Memorial Forest is due to 
rare species not encountered in 10 stratified random 
quad rats. 

In examining this difft:rcnce, first we will consider the 
,.. . - _.. ,. . ..... ,.. _,,, - .....,.....,. t.;•· .\'. .. . ... .... -~~ .. -~. . .... 

tvpe~ ot specit::"~ aii(l ldl(;l t.1:r:: part1c\.Llar species pres.ent. 
4 . . . 

A notable 14.6% of the total species encountered at 
HM F are exotic species (table l )_ This compares with 
the 8-\voods average of 6. I% (sd = 2.1 % ). Of the 6 exoti1.: 
species at HMF. 2 may be considered common, while 
the average 2.0 (sd = 0.8) exotic species in the other 
woods are virtually al\vays rare. Th us exotic species are 
more.r>rcvalent at HM F than usual in the rl!gion. . ~ 

Comparing vertical strata in the \.Voods we found 12 
canopy species at Hutcheson Memorial Forst (table l) 
vs the 8-woods average of 13 .5 (sd = 1.2) or the 2-\.voods 
average of 14.5 (sd ;;;;;: 0.7). indiGating little difference. or 
perhaps a slightly lower canopy diversity at HM i-·. There 
were 11 subcanopy species at HMF vs 7.6 (sd = 2.1) 
average in the 8 woods or 8.5 (sd = 3.5) in the 2 woods, 
suggesting a significant difference. Eight understory spe
cies at Hl\1F compared with the 8-woods average 5.6 (sd 
= O.S) or the 2-woods average 5.0 (sd = 0.0), a notable 
difference. In the large shrub category HMF had 8 spe-
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<:ies .. vhile the 8-\.\-oods average \.vas 5.8_(sd == 0.9);~. 
2-woc)ds average 6,0 (sd = 1.4), ~gain a notab}' 
ferencc. Therefore the greater species diversity a(: 
is due to the greater number of species in the lowef;, 
of the forest. ~t is notable also that the diversity':~. 
H MF canopy 1s not greater than the other woods.. :, 

$()me species have d~stinctly higher relative)k 
dances near the edge of a forest, some in the·ci 
closed canopy portion, and son1e are evenly distii · 
from the edge to the center. At HMF we found 32;,. 
the total species \.Vere edge species while the 8:~ 
average was J 1.5% (sd = 4.3); the pattern was sin"iiia 
species in the quadrats only. Closed canopy spect 
HlvtF were 24._4% of the total VS 29.5% (sd = 3.9)r. 
other woods, with little difference between the twol 
q uadrats. These results indicate that the percents .O:f 
and closed canopy species are typical at Hutcbesotf 
mo rial Forest. ---. . ~\{. 

Lowland species. primarily in poorly drained sp(j ··. 
along infrequent strean1s, comprise 24.4% of the~ 
specie~ al H l\-1 F and an average 21.2 °/c ( ~d = 3 .O)'i· 
other woods. The quadr~t san1ples gave 16.01:: ·- .Q, 
l 7 .6o/o {sd = 7. l} respeclively. Thu!; lowland $peci . 
HM F-- are <>f about equal prr.!valence as in the'io 
woods. · '-~ 

To cqmpare the relative sirnilarity of the total sp~ 
present ·•.i~t HM~- ~ith the ot~er w~ods ~e calc~,~ 
cornmun1ty coetl1c1ents (CC) for pairs ot woods::(8' 
and Curlis l 9 57): ,, 

2 S·.: 
cc=--------

S1 + S2 .... 

•· .' .. ~ 
: ·t:. .. . .. · .... . . : .. ,_ 

·;. ·. '. . . 

/: .: . 

S
I 

is Lhc: nun1ber of sptcies at HM i-:, S2 the num~e:
species in a second woods, and S, the number of sp'', 
cornmon to both woods. The CC's comparing lf.M.'.'. · ,~'~' 
each of the 8 v,oods were 0.73 (for the N7.5 woods);: 
(C7.5). 0.65 (S7.5), 0.76 (NJO), 0.72 (C/0). 0.82{~ 
0.76 (N24) and 0.79 (S24), with an average CC ef(~ 
(sd = 0.05). These are high value:;,, consider,ng rep\f 
samples \1/ithin su.ch wol)ds t:ommonly have a,. · 
about 0.80-0.85, and indicate~·ttiat the HMF tr~:~-
munity is quite similar overall to the other wood.s·}, 
rather low variabilitv indicates further that it is ~i"m 
to essentially ail of the woods. :\~· 

Four species wert.: enr.:(lUntercd only at HM F (tabf: 
Pau/cJwnia tomenlc)sa, Acer negundo, Cornus race,ift 
and Pyrus malus. One is an exotic, 2 are subca~ 
species, I understory and l large si1rub species.}; 
other woods had. an average of 1.3 (range 0.3) u~j 
species. those being Ulrnus rubra, Tsuga cana~~( 
Robinia pseudo-acacia, Pinus virginiana. Platan· __ ;; 
cidentalis, Populus trernuloides, Maclura pomf/J 
Prunus pensy/vanica. Rhus copallina and Populusk

1

• 

didentata were in l WO or more woods but not enco 
tered at HM F. Of the 13 species only in the 8 woodsJ 
is an exotic, 6 are canopy species, 3 subcanopy, l u~: 
story, and 3 large shrub species. Therefore. b~s~.' 
rare species either unique to HMt' or unique to the 1. 
woods, there is a slightly higher number of such sr.. · 

• .. .1· 

'·:,-;.·· 



·:• ·:: ; : Rel.itivi:: abundances of spc;;cics in quad rat and rccon
L Ju;bl:~ 1~e sa,npling. The first line for a species = trees (IO x. 40 

. ·'. .na!~)~~rul:-i). s~cond linc ~ saplings (2.5 x IO~ quadrals), thi~d 
<11} qu:i . ·d•·111 "" (0.5 x 2.::i n1 tiuadrats). H.clat1ve abundance 1n ... • . - sec I ••• , 

: ;:. hnl!, -r.': . ; . onl~ erH.:O untert:d in fC(;Oll n a issancc = R. The last 24 
. . .. ~ .5 pcCI cs • . C · - b 
··•·'·:•.-.c·'f:•.:, ..• .. ··•r·· ·ihscnt Iron, quadrats. anopv species = CA. su -·· · ·: :· · ·" es· \Ve " • • • . . .. ·N'"I . . d . u I h b I 
· ·i· .:>1•:-:.~. · · •• • = S un · erstorv species = arge s ru aver . .. : y spec 1es • • • • 
: \can~p~:;... LS •·xoti1.: species = EX, edge species = ED, closed 
, ..... · ··1ei. .-. · v• ~ 

;': ~c, 'I spc:cies of centi.:r of forest = CL, lowland species = LO. 
::; ':~n(dPI . .- ·· ,: .. ,t' the r•·d oak uroup wc:rc luinped together = * 
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Ii' aiH,Mr than the 8-woods •~crage, but ~he percentage or 
~ : . ~xot1cs differs little. All of these species at HM F arc:: 
ft·::· species of 101,vcr forest strata, while the largest group of 
:" ' su(:h species in the other woods is canopy species. 
,:f • 

~. .·Jurning to the relative importance of species within 
'f}. the woods, we sci! all woods are dominated by three oaks 
~{ ·Querc~s velutina, Q. alba and Q. rubra which together 
k : ~~mpr1se 28.0-54.9% of the trees ~ IO cm dbh in a woods 
ij (ta~le l ). Each woods has 1-3 other species with more 
;. .:o than I 0% relative abundance, the primary species in 
'· ·: .. ·- . . 

·'· . . . .. - . 
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order being Acer rubrum, Fagus grandifolia, Cornus 
jlorida, Acer saccharum and Fraxinus americana. 

Based on relative abundance of trees in an intensive 
116 quadrats IO x 40 mat HMF the dominants in order 
are Cornus jlorida, Quercus alba and Fraxinus 
americana. Comparing relative abundances at HMF 
with the averages for the 8 woods indicates that (a) 
Cornus jlorida is much more abundant at HM F than in 
the other woods. (b) Quercus alba, Fraxinus americana 
and Prunus avium are somewhat more abundant than in 
the others, (c) Acer rubrum and A. saccharum are some
what less abundant, and (d) Quercus veJutina and Fagus 
grandifolia are much less abundant than in the others. 
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Some differences are seen when \Ve compare the rela
tive basal areas of species at HMF and the average for 
the 8 woods (table 2). (a) Cornus florida is much higher 
in basal area than in the other woods, (b) Quercus alba is 
somewhat higher, (c) Quercus veiutina, Carya spp., 
Fagus grandifol!a, Acer saccharun-z, and liriodendron 
lulipifera are somewhat lower, and (d) Acer rubrum is 
much lower in basal area than in the others. Therefore, 
based on relative abundance and basal area of trees at 
Hl\-IF, 2 species, Cornus florida and Quercus alba, are 
more important than in the other woods. and at least 4 
species, Acer rubrum, Quercus velutina, Fagus gran~ 
difolia, and Acer saccharum. are less important than 
usual. 

The differences in successional status of species may 
be suggested by the relative :abundances of saplings and 
seedlings (tab)e 1). Sapling data at HMF show (a) Frax
inus americana is tnuch more abundant than the 
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8-woods average, (b) Acer rubrum and A. sacch:, 
somewhat less abundant, and (c) Fagus grtindf 
much less abundant than the other woods. i,: 

.:"!· 

In contrast, seedling data at HM F (table 1) sho:t 
'th_e red oak group seedlings much more abundant tha 
the other woods, (b) Fra.'<in.us americana and Acef 
tanoides somewhat more abundant, {c) Acer sacchai 
Prunus serolina, Fagus grandifoiia and Hamarneff" 
giniana somewhat less abundant. and (d) Acer rub 
much less abundant than the 8-woods average. ···"" 

\Ve now examine the changes at Hutcheson Me~ 
Forest relative to the other woods, suggested bv:-"" 

J " 

tree, sapling and seedling results. Fraxinus arne,tt 
which is presently' more irr1portant at HM F thart1• 
8-woods average in all 3 categories, may contiri'u · .. 
maintain or increase its higher relative importance; .. 
striking difference in then umber of large Cornu.s flri 
trees and to a lesser extent Quercus alba at HMF.;¼-· 
other \voods may disappear through time. since thi, .. 
ling and seedling relative abundances are simila[;/. 
rubrum, A. saccharum, and Fagus grandifolia. pres2 
less important in all 3 categories at HMF than'~ 
where, may continue at a \()Wer level than in theo' 
woods. The relati".'ely low importance of Quercus 2~ 

Lina at HMF compared w1th the other woods maydi 
. . . :•~. . . 

•••••• <. · .. :: 

·rabl~ 2. kt:lalive b.i.sal area!S of sr,e<.:ic:s in transects. Based
1
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'/' ";l~:rn time. if ,nany of l~e red oak .group seedli~gs are 
· \,,ibis species. but this remains uncertain. The.seedling val: 
_ :: • . i!S for the r~d oak group and Acer p/atano,des at HMF 
/ :re higher than in the ~ther woods: such that th7s~ spe-
: ties may become relatively more 1m portant. Similarly 

·, · .. · · p,unus serotina n1ay become less impor\ant at HMF 
.; -c~~pared to elsev1here. _Note particularly that . the~e. 
f : trends for ~i MF are relative to the other :woods, i.e. 1n 
~ •• coniparison \Vith the trends in the 8-woods averages. 
·, ·· .. : . The suggested trends within HM F itself, based on 
tf comparing the tree data of tables I and 2 with the seed
h . [iiu!~sapling data (table l ), or course are different. Here ~- -~: co;nus jlorida, Fraxinus americana, the red oak group 
~t; (prin1arily Quercus rubra and Q. veiutina), and the less 
ti· common species may change little in. relative _impor
(~ lance. Ho\vever, Acer saccharum may increase in rela-
~·~ .. 
fi · 1ive importance, while Quercus alba, Carya spp. and 
... t .. tr Prunus aviurr1 rnav decrease within Hutcheson Memori-.. .. . .. . ., 
:l:. .· al Forest. ., 

~- · T \\-'O en vi ron·ir1en·tai f al:to·r ;,;, so ii type and soii rnvis-
1 • • • • • • 

fr.:· ture, were studied to see if they correlated with the 
if higher species diversity at HMF than the other woods. 
k.. .. • :JJ· The 4 soil types encountered at HMF (table 3) are essen-
{- . tially the san1e number as the average 3.5 (sd = 1.9) for 
'l • 

{"." 1he other 8 \vo.ods, .1nd <i!i:;h~lY le.ss .than th.e. 2.s.w.o.pcls ,: 
l :average of' 6.5 (sd = 0. 7). If then umber of soil types and 
F: the number of species per woods are compared for all 9 r : woods, there is a slight positive correlation, but with 
{: high variability. 1-lowever, if the number of soil types 
f' ~nd species per woods are compared within the 3 
1 - {woods) size groups separately (7 .5 ha, IO ha and 24 ha), 
[- •· i~ each case there is a slight negative correlation (indica-
l ·. tive of a size-soil type interaction). We conclude there-
; . fore that the number of soil types at I-I MF and the other 
•. wocds is unimportant in determining the difference in 
: -species diversity. 
~ . ·.·.··.The range of soil moisture conditions (table 3) within 
: HMF. 3 I .3%, exceeds the 8-woods average range of 

.. 14.3% (sd = 5.4) and the 2-woods range of 18.5% (sd = 
. · 0.9). Caution should be exercised in interpreting these 
, · res_ults since soil moisture is measured as percent by 
·· .· -W~tght. \vithout measurements ·of soil texture. A plot of 
· .. soil moisture range vs number of species for the 9 woods 
: . .would shov.: a positive correlation. but with an exceed-
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ingly large variation. If these are plotted separately for 
the 3 (woods) size groups however, two of the correla
tions are negative and one positive, again with consider
able variation. These results indicate that, though the 
range of soil moisture conditions a pp:ars greater at 
H Ivt F than in the other woods, this is likely no more 
than a minor contributing factor to the higher species 
diversity at Hutcheson Memorial Forest. 

Discussion 

The results of tree, sapling, seedling and soil sampling 
indicate a higher species diversity, especially of species 
in lower forest strata ( of which many are exotics), at 
Hutcheson Memorial Forest than the other woods. 
However, with the exception of a minor effect of soil 
moisture, the data give few clues on the reason for the 
higher diversity. Two possibilities require evaluation: 
sampling methods and unsampled factors. 

Since the number of species in 10 quadrats at HMF 
( I 6 species) and the other woods ( 16.9 species, sd = 1.3) 
is the same, the diversity difference comes in the sub
sequent sampling. The number of species added after the 
l O quadrats is: 25 at HM F based on l 06 more quadrats 
plus reconnaissance, 15 at S7.5 based on 35 more qua
drats plus reconnaissance, 17 at N /0 based on 45 more 
quadrats plus reconnaissance, and an average 15.3 (sd = 
3.6) in the remaining 6 woods based on reconnaissance 
alone. Thus in the other 8 woods the number of species 
added is about the same whether based on quadrats plus 
reconnaissance or reconnaissance alone, and is consider
ably less than at HMF. There is little difference in the 
number of added-species in the 106 quadrats at Htv1F (9 
species) and th@.-35 at S7:5 -(8 species) or 45 at l'./10 (6 -
species), which combined with the previous point in-
dicates that the large increase in diversity at HM F is not 
due to the intensive sampling of the l 06 additional qua-

' 
' ; 
' 
' ; 

.i 

I ., 
.: 
,; 
; 

' 

drats. We conclude that sampling differences between 
J-tM...F.Jl_fl.P t~e _Qt,he_r ~ood.~ c9_otri~ute lit ti~. if <!.DYth_i~&. _ '"" .~ 
to the higher d1vers1ty r.ec<>rded at HMF. . . ,, ___ · :-

The unsampled factors which seem most important to I 
us are people use and proximity to population centers. ! 

People usage at HMF includes approximately. 40-50 
group tours annually which are limited to the 1.5 km 
path at the eastern end. A few dozen research projects, 
strictly limited usage by small advanced classes, and 
caretaking of the property bring people through'out the 
woods on a fairly regular. basis. Though the numbers 
have varied, this usage has continued for approximately 
two decades. We know far less about people usage of the 
8 woods, other than our own observations during year-
round sampling in this and 6 associated studies. The 
major uses appear to be hunters during a few weeks in 
the fall, hikers infrequently. children infrequently, and at 
N24 horseback riders infrequently. People may carry 
seeds, presumably involuntarily, into the forest and the 
expected result would be in most cases, few individuals 
of tree species. Since people usage is believed greater in 



•' 

the past 20 years than earlier, trees intr<)duced by people 
would mostly be less than 20 years old. This hypothesis 
gibes with the observed results where most of the addi
tional species at HMF are rare, composed of individuals 
< l O cin dbh and in the lower strata of the forest. 

We note that limiting people usage is an irnportant 
management priority at the William L. Hutcheson Me
morial Forest. 

1-he number of exotic ~pecies at HMF might be re\at
ed to proximity to population centers where exoti<.: spe
cies arc of greatest importance. However, HM.F is l \ 
km from New Brunswick and Somerville and the 
i-woods average is l l .O km (sd = 3.5) from the nearest 
major population center (New Brunswick, Somerville, 

· Flemington or Princeton). Therefore distance from pop
ulation centers does not correlate with the higher diver
sity at HM F. It might be noted that the large areal 
spread of housing developments around th,ese population 
centers, where ex.otic plantings are abundant, has taken 
place in the last 2 decades. 

The distance from small villages which originated as 
much as two centuries ago n1ight also be examined, since 
HMF is only l km east of such a village, ·East Millstone. 
Distances from each of the 8 woods to its nearest village 
are I, 2, 3, 3, 3, 3, 3, and 4 km. 1-herefore HMF is signif
icantly closer to such a village than the 8-woods average, 
2.8 km. This could be a contributing factor to the higher 
species diversity, but the importance of this is unknown. 

The indicated changes for the future of the woods are 

Q. rubra. Di ffereritial changes in the two 
probable but unpredictable. 

The future changes in species composition t~'b"' 
pected at HM F based on intensive sarnpling throu'·· 
the woods at one time, agree overall _with Sulser'.581 

· cant st~dy ( 197 l ),. based_ o~ sampling one portion 
comparing data \.Vlth a s1milar sample 20 years 'ea' 
Differences for some individual species are eviden 
expected since the present study includes a broade't; 
and > 20% of the forest area. · · ;,-· 

. . : ' 
The predicted increase in northern hardwoods1\ 

like Acer saccharum and Fraxinus americana atth 
pense of oak forest species like Quercus alba and/:. 
spp. in these 9 woods on the upland red shale Pi~d; 
agrees also with results on other geologic substra:t{ 
Piedmont and to the North in New Jersey (Buell•a 
I 966 ). Such a change in forest structure over i.k 
area would have major ecological implications.·.·• f 

We appreciate the field assistance of A. E. Galli;/· . 
Engelmann, E.W. Murray and V.A. Rudis, the coo·: 
tion of the land owners, and the financial assistafi 
the U.S. Forest Service Pinchot Institute Conso~ 
for Environmental Fores try Studies and the lf~ri 
University Research Council. <·:if. .. :•,, .... : . ·~ •: 
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