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Forman. Richard 7. T.. and Bruce A, Elstront. (Oep. Bo-
taoy, Rulgers Univ., New Brunswick, N.J. 08%03). Fores
structure ¢omparison of Hutcheson Memorial Forest and
eight old woods on the New Jersey Piedmoat, Huicheson
Mem. Forest Bull. 3:44-51. 1975, —Compared with & nearby
oak woods, the Willlum L. Hutcheson Memorial Forest s
higher 1n number ol tree species, percent €Xouce species. percent
understory, subcanopy and large shrub layer species, seedlings
of Fraxinus americang, Acer platanoides and the red ouk
groun, saphngs of Fraxinus americana, trees of Cornus florida
and Quercus alba, and range of soil mowssture conditions. HMFE

is tvpical in the number of s0il types present and the percents of

canopy, edpe, central closed canopy, and lowiland species. 1t iy
lower than usual in seediings, saplings and trees of Acer ru-
brum, 4. saccharum and Fagus grandifolia, seedlings of Prunus
seroting, and trees of Quercus velutina. Relative to the other
woods, at HMFE Fraxinus americana and Acer rubrum are tike-
lv 10 continue their unusual impartances, Carnus florida is like-
ly to become more typical. and Acer platanoides and Prunus
seroting more atypical. Relative to the present HME structure
Acer saccharum is likely 10 increase 1 importance, and
Duercus alba, Carva spp. and Prunus avium decrease, The
higher tree species diversity a1 HMF, characterized by speaies
of lower lorest strata und many exotlcs. mav be relawed to
higher people use. Community coelficient values and composi-
tion of dominant species indicate Hutcheson Memeoernial Forest
is broadly representative of the forests on the upland red shale
New jersev Pledmont.

An exceptional amount of research has been done at
the William L. Hutcheson Memornial Forest in the last
25 vears, with over 80 puolhished pupers and reports
hased on work in the woods and adiacent {ields (Small
1973). 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; Suiser 1971). Vascular nlant species diver
“slty includes 40 trees,
Fairbrothers 1963). Fiftcen percent of the tree species
and 22% of the total species are exottc (alien} species,
some of which are increasing in dominance (Frer and
Fairbrothers 1963: Ambler 19065; Sulser 1971). The spe-
cies abundances of the forest edge are relatively distinct
from the closed canopy, which, however, contains nu-
merous gaps (Wales 1972). Though this old forest has
apparently been unburned for 3 centunes and uncut,
major windstorms and perhaps pest outbreaks have
caused pulses of change in the woods, and it 15 suggested
that maples, beech and ash are slowly 1ncreasing at the
expense of oaks and bickories {Buell 1957; Monk 1961h;
Reiners and Reiners 1965 Sulser 1971). Arte these forest
characteristics and changes representative of the woods
on the red shale Piedmont of New Jersey, or is this an
atypical woods for the region?

The region is broadly classified as cak-chestnut forest
in a study of the eastern United States (Braun [9530) or

34 shrubs and 232 herbs {Frei and
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mixed oak forest i a study of New Jersey (Robich: 5
and Buell 1973). Detailed studies of forest stru{:tu;
Cushetunk Mountain (Cantlon 1933), Voorhees g%
Park (McDonough and Buell 1956), Watchung Rﬂs.g'=-

Princeton (Kramer 1971). and the Institute ;;‘;f
Princeton {(Horn 1971, 1975) are all on distingt ggg]ﬁ
bubalrdtd and 50115 ddjdLﬂﬂI to the r::d shd]e ,

the Rarnan RWLT {Buuﬂ and Wiatenddhl 195:3 ,”""f-i
dahl 1958y, Millstone River (VanVechien and B*
18593 and Stony Brook {(Horn 1971, 1975). Inthe ap
ent absence of detailed studies in other woods Df
upland. red shale Piedmont, Hutcheson Memomd
Forest (HMUE) has been assumed Lo be rﬁpTLSﬂnlaiwg"}
this region.
The objectives of this study are to (a) anpart mﬁi
Hutcheson Memorial Forest with other woods fgg
numbers, types, composition and importances of ipe
specics, and (b) look for evidence of relative futmf
changes between HMF and the other woods, as welig

within Hutcheson Memorial Forest itsell

Vi ethods

Eight woods surrounded by fields, in addition to Hulg;
cheson Memorial Forest, were selected in a rural New
Jersey area approximately 32 km in diameter an;’
bounded by New Brunswick, Oldwick, Flemington ang:
Princeton. The woods are 20-100 m eievation in aTI‘]&S-
sic red shale region of the Pliedmont (Lewis and KummEF
1915, Widmer 1964). Sails are predominantiy silt dnd
shaly lgams of the Pena (including Norton) series of the
Brunswick formation (Tedrow 1963, Ugolini 1964, US%
Soil Conservation Service 193%-1967). The chmar.&
mild, with approximately 100 ¢m precipitation re[atwa%
evenly distributed through the year. average annual teng
perature 11.7°C, and an average munlhlv temperdturﬁ
range of 0.0-24.0°C (Bicl 1958; U.S. Weather Burﬂa

1959). -5%

Criteria for woods selection were the presence Gfmﬂ"
ture trees (60-100 cm dbh, diameter measured |5m
above ground level) over the entire woods, al: forest
structural layers (canopy, subcanopy, understory. shrub
and herb), discreteness from the surrounding fields, aps
proximaltely isodiametric shape, mature edges, 131’3'3
size, slope not exceeding 10°, well drained soil. 1 lack 6f
disturbance {recent f]I‘L cutting, etc.), ahsence 0
streams, and distance from population centers and P“i'
lution sources. Three size cliasses were used, 7.5 ha, 1’3' hﬁ
and 24 ha. and one woods of each size was selected in ﬂFE



rtion of the study arca. one of each size in the

ortion. and one of each size in the southern por-

.j:if e *Eﬂ[fd] pmhefi'f}” Memorial Forest is the 24 ha woods in

Ht“rdl portion. [ the tollowing descriptions of the
i_.:;h_r: cf-‘:ﬂl cation and sotls are given, plus any exceptions

n{:!)]d;dh‘;w listed criteria for woods selection.

; ﬂ

‘ﬂu r.hﬂfﬂ P”

"E'f';nﬁj' (7 5 ha woods 1n the northern portion), Muaryknoll
~Farm West. Three km north of Whitehouse Sta-
yion. approximately 0.6 km west of route 523,

Sml*- 60% Norton loam eroded. 40% Norten

]gam Gaps common 1n portion due to recent cut-

“fing. edge indistinct in places.

, C'?j Wghbndur[ Perry Woods. Three km south Df
WlntthUSL Station, at end of Edgewood Rd.,
~km east-of route 523, Souls: 45% Penn shaly 511{
loam, 43% Penn shaly silt loam eroded, 10% Rea-

wi ¢ siit loam wet. Rectangular shape, temporary

=; Strﬁalm

5;5 Water Tower Woods. Northeast of Blawenburg,

::- dpprﬂ‘{lmd[tl‘f 3 km north of route 518, 2 km west

: jii' “ of route 206, north side of Sunset Road. Soils:
~70% Royce silt loam, 5% Royce silt loam eroded,
l(]'f*fr:r Lansdowne silt loam, 15% Birdshoro gravelly

!de Understory with non-uniform coverage.

: “some wood cut for firewood, large water tower.

;f w Maryknoll Farm East. Three km north of White-

L0 house Station, approximately 0.3 km west of

routc 323, Sotls: 80% Norton loam eroded. 20%

M
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CH) Reno. Farm. South of Whitehouse Station, ap-
L prm imately 2 km north of Pleasant Run, by high
i tension wires on east side of Cole Road. Soils:
Foo 0 40% Penn shaly silt loam eroded., 40% Reaville silt
“loam, 20% Penn-Bucks complex. Rectangular in
~ shape, permanent stream. understory with non-
& uniform coverage, 1972 ground fire in one corner.
5!0 Ringoes Corso Woods. Three km west of Rin-
- goes. upproximately 0.3 km south of Sergeantsvil-

ﬁ'*‘i’--’-- recent cutting, edge mdxslmu 1n places.

A ""'l__;?' ] .
PRI T -

.7 10% Rough broken land, shale (bedrock at surface
=0 with patches of thin soil). Permanent stream, edge

- indistinct in places. house near edge.
*"-’24 Treetops. Two km south of Lamington, south of
o interslate highway 78, west of Lamingion River,
- and immediately west of Fiddlers Elbow golf
course. Soils: 40% Athol gravelly loam, 20%
Lansdowne silt loam, 20% Annandale and Ed-
- newville gravelly loam, 10% Athol gravelly loam
eroded, 5% Reaville silt loam wet, 5% Norton
loam eroded. Standing water, gaps common in
portion duc to recent cutting. houses near edge,
soils mainly developed from glacial till and cal-

e tdreous conglomerate.

C24 William L. Hutcheson Memorial Forest. One km
oo cast of East Millstone, on south side of route 514
Soils: 50% Penn &.hdh silt loam, 20% Royce silt
~loam. 15% Croton silt loam, 15% Lansdowne silt
loam. Rectangular shape, permanent stream.

Norton logam. (m.pa comrmon in portion due to

<o le Rd. Soils: 90% Penn shaly siit loam eroded..
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standing water, gaps common due to blowdowns.
western portion beyond the narrows excluded.
Western Electric Woods. One km south of Mt
Rose and | km west of route 569. Soils: 70% Rea-
ville sift loam. 8% Penn shaly silt loam, 5% Bow-
mansville silt loam. 3% Klinesville shaly loam. 5%
Doylestown sift loam, 3% Reaville silt loam wet,
3% Reaville silt loam eroded, Permanent stream.
standing water, understory non-uniform coverage,
and grazed. burned or cleared recently near some
edges.

Samplhing for tree species was done between August
1972 and September 1973, and 3 methods were utilized:
quadrats. transects and reconnaissance. A series of par-
allel hnes, marked with colorful plastic flagging. divided
each woods into 30 m wide sections, running perpendic-
ular to the straightest long edge of the woods. Quadrats
were located in a stratified random manner throughout
the woods (including the edge portions) using the
marked sections. Quadrats were 40 x 10 m for trees
(= 10 ¢cm dbh). 10 x 2.5 m for saplings (<10 cm and >
2.5 ¢cm dbh), and 2.5 x 0.5 m for seedlings (<Z2.5 ¢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, excluding
vines, and a dbh = 2.5 cm were included as trees or sap-
tings. All seedlings of those species which at least oc-
casionally atlain tree or sapling status in the study area
were mcluded. Hutcheson Memorial Forest was sam-
pled with 116 quadrats. N0 woods with 35, §7.5 woods
with 45, and based on the point where species-arca
curves for these 3 woods begin to level off. 10 quadrats
were done in the remaining woods. Presence and abun-
dance of species were recorded.

Transects were 10 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 edge. Presence.
abundance and dbh of trees and saplings were recorded.
Foyrteen transects were sampled at the N0 woods, 8§ at
57.5, 4 at C24 (HMF), and 3 at the remaining woods. In
the absence of good east and west edges with well
drained woods at Hutcheson Memorial Forest, 2 tran-
sects were [rom 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 by walking at approxi-
mately {0 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 time 1n 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 Chrysier Her-
barium at Rutgers University, We divided the species
into 4 growth form categories based on the normal max-
imum level altained in the forests: canopy, subcanopy.
understory and large shrub. Species were classified as
edge species, closed canopy species, and lowland species

S24,



according to Wales {1969). Agricuhure Handbook No.
271 (1965), Harlow (1959). and observations of distribu-
tions in this study. Species were classitied as exotic if not
native east of the Appalachian Mountains, More de-
tailed descriptions of study areas, tree and soil sampling
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 sampiles for sotl moisture were collected
on the same day in late May 1973, weighed, dried al
105°C for 48 hrs, and reweighed to determine percent

weight loss. Ten samples were taken in each woods. It

there were no obviously wet or dry areas, samples were
taken i1n a stratified random manner using the marked
lines 30 m apart. When distinctly wetter or drier areas
were evidenl in a4 woods, 5 samples were taken in the
wetter areas and S samples in the drier areds, 1n order to
determine the range of soil moisture conditons present.

Results

We encountered a total of 41 species with a dbh = 2.5
cm in Hutcheson Memornial Forest based on quadral
sampling and reconnaissance (table 1). The average total
number of species in the other 8 woods was 32.4 (stan-
dard deviation = 3.0), or i 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 Memorial Forest than
at the other woods in the region. When the quadrat data
alone are compared {table 1), based on 10 quadrats se-
lected in a stratified random fashion in all woods, we
find: HMFE 16 species. 8-wonds average 169 {sd = 1.3),
and 2-woods average 16.5 (sd = 0.7). Thus the greater
species diversity at Hutcheson Memonal Forestis due to
rare species not ¢ncountered 1n 10 stratified random
quadrats,

In axdmmmg this difference, lirst we will consider the
“typed ol spected afdlaw e particular  speciss present.
A notable 14.6% of the total species encountered at
HMF are exotic species {table 1}. This compares with
the 8§-woods average of 6.1% (sd = 2.1%). Of the 6 exotic
species at HMF, 2 may be considered common, while
the average 2.0 (sd = (0.8) exotic species in the other
woods are virtually always rare. Thus exotic species are
morenrevalent at HMF than usual in the region.

Comparing vertical strata in the woods we found 12
canopy species at Hutcheson Memorial Forst (table 1)
vs the 8-woods average of 13.5 (sd = 1.2) or the Z2-woods
average of 14.5 (sd = 0.7), indwcating iitile difference, or
perhaps a slightly lower canopy diversity at HME. There
were |1 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 HMF compared with the 8-woods average 5.6 (sd
= (.5) or lthe 2-woods average 5.0 (sd = 0.0), a notabie
difference. In the large shrub category HMF had 8 spe-
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cies while the 8-woods average was 5.8 (sd = {}9]'" ":_
2-woods average 6.0 {sd = 1.4), agan a “ﬂ‘idbl
ference. Therefore the greater 5pLLtth dl‘»’{:raxty at 1
is due to the greater num ber of spectes in the !gwﬁrs
of the forest. It is notable also that the dl‘r’&hlty :" :
HMF canopy is not greater than the other woods <3
Some specles have distinctly higher relduyﬁ”
dances near the edge ol a forest, some in theig
closed canopy portion, and some are evenly distril;
from the edge to the center. At HMFE we found 37:%
the total species were edge species while the 82
average was 31.5% (sd = 4.3); the pattern was 51m1[a
species in the quadrats only. Closed Ldﬂ{}py Specia
HMF were 24.4% of the total vs 29.5% (sd = 3. 9) ig
other woods, with little difference bﬂr."-'"r een the twoip
quadrats. These results indicate that the percents gf}
and closed canopy specics are typicdl at Hutf..hesn*; .
morial Forest. i
Lowland species, primarily in poorly y drained sp
along infrequent streams, comprise 24.4% -:}f the s
species at HMF and an average 21.2% (sd = ')"?“
other woods, The quadrat samples gave 16 0%
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17.6% (sd = 7.1) respectively. Thus towland Specie
HMF are . of about equal prevalence as in thevalh
woods, o

To compare the relative similarity of the total Spé
presentsat HMFE with the other woods we Ldl-:.ui
community coefficients (CC) for pairs of woods (]
and Curtis 1957):

2S,

CC

S, + 5,

S, 1s the number of species at HMFE, 5, the numbe '
species in a second woods, and S, the number of spe
common 10 both wooeds. The TC's companing HM
cach of the 8 woods were 0.73 (for the V7.5 woods);
(C7.5), 0.65 (S7.5), 0.76 (N1, 0.72 (C10), 0.82 (S,
0.76 (N24) and 0.79 (524), with an average CC of.
(sd = 0.05). These are high values, considering reph
samples withip such woods commonly have a
about 0.80-0 85, and indicates"that the HMF treed
munity is quite siumilar overall to the other WDDdS:
rather low variability indicates further that it is si@
to essentially all of the woods. )
Four species were encountered only at HME {t&b[
Paulownia tomentosa, Acer negundo, Cornus racem
and Pyrus malus. One 1s an exotic, 2 are submp G
species, | understory and 1 large shrub species.:
other woods had an average of 1.3 (range 0.3} un
species, those being Ulmus rubra, Tsuga canade
Robinia pseudo-acacia, Pinus virginiana, Platanu
cidentalis, Populus tremuloides, Maclura pﬂmf
Prunus pensylvanica, Rhus copallina and Populus g
didentata were in {(wo or more woods but not enc
tered at HMF. Of the 13 specics only in the 8 woods;
is an exotic, 6 are canopy species, 3 subcanopy, | und;
story, and 3 large shrub species. Therefore. hased]
rare species either unique to HMF or unique to Lhﬂf-'_ !
woods, there is a slightly higher number of such SP_



I Relative abundances of species i guadrat and recon-
Tdhl‘: ampling. The [irst line for a species = trees (10 x 40
o puissance v cond line = saplings (2.5 x 10 m quadrats). third
mqu__"dfir‘;mm (0.5 x 2.5 m quadrats). Relative abundance io
h“':-sm Lmll' cncauntered in reconnaissance = R. The lust 24
§ o ahsent from guadrats. Canopy species = CA, sub-
LU species = §. understory species = U, large shrub laver
;;mﬂp"rs LS. cxolic species = EX, edge species = EL, closed
SP"'L'ﬂbbpcuL: of center of forest = CL, lowland species = LO.
. ;ﬂgﬁ;ub of the red oak group were lumped together = *
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At HME than the 8-woods average, but the percentage of
¢ exolics differs little. All of these species at HMF are
- Species of lower forest strata, while the largest group of
.+ such species in the other woods is canopy species.

- Tumning to the relative importance of species within
o the woods, we see all woods are dominated by three oaks
1 Quer cus velutina, Q. alba and Q. rubra which together
3. -sompnse 23.0-54 9% of the trees =10 ¢cm dbh in a woods
'L'"-_';i_'-lrm_lf'f}'? 1). Each woods has 1-3 other species with more
; Ehﬂ” 10% relative abundance, the primary species in
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order being Acer rubrum, Fagus grandifolia, Cornus

florida, Acer saccharum and Fraxinus americana.

Based on relative abundance of trees in an intensive
116 quadrats 10 x 40 m at HMF the dominants in order
are Cornus florida, Quercus alba and Fraxinus
americana. Comparing relative abundances at HMF
with the averages for the & woods indicates that (a)
Cornus florida is much more abundant at HMF than in
the other woods., (b) Quercus alba, Fraxinus americana
and Prunus avium are somewhat more abundant than in
the others, (¢) Acer rubrum and A. saccharum are some-
what less abundant, and (d) Quercus velutina and Fagus
grandifolia are much less abundant than in the others.
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Some differences are seen when we compare the rela-
tive basal areas of species at HMF and the average for
the 8 woods (table 2). {a)} Cornus florida 1s much higher
in basal area than in the other woads, (b) Quercus alba is
somewhat higher, (¢} Quercus velutina, Carya spp.,
Fagus grandifolia, Acer saccharum, and Liriodendron
tulipifera are semewhat lower, and (d) Acer rubrum 1s
much lower in basal area than in the others., Therefore,
based on relative abundance and basal area of trees at
HMEF, 2 species, Cornus florida and Quercus alba, are
more important than in the other woods, and at {east 4
species, Acer rubrum, Quercus velutina, Fagus gran-
difolia, and Acer saccharum, are l¢ss important than
usual.

The differences in successional status of species may
be suggested by the relative abundances of saplings and
seedlings {table 1). Sapling data at HMF show (a) Frax-
inus americana 1s much more abundant than the
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§-woods average, (b) Acer rubrum and A. sacc, ;.
somewhat less abundant, and (¢) Fagus grandf 3
much less abundant than the other woods. 3

[n coutrast, seedling data at HMF {table 1) 'S,h,:}

Prunus serotina, Fagus grandifolia and Hamamef
giniana somewhat less abundant, and (d} Acer » i
much less abundant than the 8-woods average, =

We now examine the changes at Hutcheson Mﬂm
Forest relative to the other woods, suggested by
tree, sapling and seedling results. Fraxinus amer X
which is presently more important at HMF thar%
§-woods average In all 3 categories, may contin
maintain or increase its higher relative Imp{JI'IH.IICE :
striking difference in the number of [arge Cc:rrnu.-;ﬂﬂ

trees and to a lesser extent Quercus afba at HMF i§

Tl
- L
- pen

oy s

‘the red oak group seedlings much more adundant tha ;:;1
the other woods, (b) Fraxinus americana and A o
tanoides somewhat more abundant, {¢) Acer Sﬂfcha' : e

other woods may disappear through time, since the 381 = e
ling and seedling relative abundances are similar; $39 5 ire
rubrum, A. saccharum, and Fagus grandifolia, preséighed. -~ cic
less important in all 3 categories at HMF than"ié Py
where, may continue at a lower level than in theo "o
woods. The relatively low importance of Quercusy, ire
ting at HMF wmpartd with the other woods may digfg - co

SR 00
Table 2. Relative basal areas of species in transects, Baﬁﬂ'd# “hin

on trees =10 ¢cm dbh. Transects 10 x 90 m from edge’ t{iw
conter of woods. Relative basal areas in %.
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1. re higher than in the qthcr wmds: such that thf:s; spe-
1 ies may become relatively more important. Similarly
' prunus serotina may become less important at HMF
b compared to elsewhere, Note particularly that _lhf:*?".e_
- trends for HMF are relative to the other woods, L.e. in
 “comparison with the trends in the 8-woods averages.
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me. if many of the red oak group seedlings are
«necies. but this remains uncertain, The seedling val-
be red oak group and Acer platanoides at HMF

The suggested trends within HMF itself, based on

- ‘comparing the tree data of tables 1 and 2 with the seed-
- -fing-sapling data (table 1), of course are different. Here
" Cornus florida, Fraxinus americana, the red oak group
- (primarily Quercus rubra and Q. velutina), and the less
© common species may change little in relative impor-
<yapce. However, Acer saccharum may increase in rela-
“tive importance, while Quercus alba, Carya spp. and
~ Prunus avium may decrease within Hutcheson Memori-
“al Forest.
- Two environmental factdrs, soil type and soil maois-
“lure, were studied to see if they correlated with the
.. higher specics diversity at HMF than the other woods.
2 .. The 4 soil types encountered at HMF (table 3) are essen-
- tially the same number as the average 3.5 (sd = 1.9) for
the other § woods, and <lightly less than the 2-woods.
“average of 6.5 (sd = 0.7). If the number of so01l types and
- 'the aumber of species per woods are compared for all 9
- woods, there is a slight positive correlation, but with
« high variability. However, if the number of soil types
. and species per woods are compared within the 3
- {woods) size groups separately (7.5 ha, 10 ha and 24 ha),
n each case there is a slight negative correlation (indica-
-live of a size-soil type interaction). We conclude there-

" Iore that the number of soil types at HMF and the other
. wocds Is unimportant in determining the difference in

~c+species diversity.
- - The range of soil moisture conditions (table 3) within

HMF, 31.3%, exceeds the 8-woods average range of

. 44.3% (sd = 5.4) and the 2-woods range of 18.5% (sd =

8.9). Caution should be exercised in interpreting these
“Tesults since soil moisture is measured as percent by

- -Weight, without measurements of soil texture. A plot o

Soil moisture range vs number of species for the 9 woods

“Would show a positive correlation. but with an exceed-

o

HMEF and the other woods contribute Iittig, if anything,
to the higher diversity recorded at HMF. L |

ingly large variation. If these are plotted separately for
the 3 {woods) siz¢ 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 appsars greater at
HME than in the other woods, this s 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 Memorlal Forest than the other woods.
However, with the exception of a minor effect of soil
moisture, the data give few clues on the reason tor the
higher diversity. Two possibilities require evaluation:
sampling methods and unsampled factors.

Since the number of species in 10 quadrats at HMF
(16 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
10 quadrats is: 25 at HMF based on 106 more quadrats
plus reconnaissance, 15 at 57.5 based on 35 more qua-
drats plus reconnaissance, 17 at VI 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 addedsspecies in the 106 quadrats at HMF (9

species) and the-35 at 57.5 (8 species) or 45 at NIg (6

species), which combined with the previous point in-
dicates that the targe increase in diversity at HMF is not
due to the intensive sampling of the 106 additional qua-
drats. We conclude that sampling differences between

The unsampled factors which seem most important to
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 throughout 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 1n
the fall, hikers infrequently, children infrequently, and at
N24 horseback riders infrequently. People may carry
seeds, presumably involuntarily, (nto the forest and the
expected result would be in most cases, few individuals
of tree species. Since people usage is believed greater 1n



LY TR

. and fire stery, Thus-we.must ¢a

the past 20 years than earlier, trees introduced by people
would mostly be lcss than 20 years otd. This hypothesis
gibes with the observed results where most of the addi-
tional species at HMF are rare, composed of individuals
< 10 ¢cm dbh and in the lower strata of the forest.

We note that limiting people usage 1S an important
management priority at the William L. Hutcheson Me-
morial Forest.

The number of exotic species at HMF might be relat-
ed to proximity to population centers where exotic spe-
cies are of preatest importance. However, HMF is 11
km- from New Brunswick and Somerville and the
g-woods average is 11.0 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 HMFE. [t might be noted that the large areal
spread of housing developments around these population
centers, where exotic plantings are abundant, has taken
place in the last 2 decades.

The distance from small villages which originated as
much as two centuries ago might also be examined, since
HMF 15 only | km east r::nf such a village, East Millstone.
Distances from each of the § woods to its nearest village
are 1.2.3.3,3,3,3,and 4 km. Therefore HMF 1s signif-
1Ldntljy 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 s unknown.

The indicated changes for the future of the woods are
based on the assumption that the relative proportions ot
SpELlEb as seedlings and saplings will be important in de-
termining relative proportions of future canopy species.
Unfortunately we know too little about the effects of
pulses of trec reproduction and growth, subtle climatic
changes, air poliution, changes in herbivore populations,
atigusly hve with ths
assumption for predictions, and hupe that studies of 4
few decades in the Jifetime of trees are representative.

Though the actual species composition of the HMF
canopy may change, the diversity may not, since the
higher diversity at HMF is of bpﬂLlEb which unly reach 1o
Towef"Stratd; Thisassumes TR TheCE Tricluding sever
al exotics, do not prevent other species me reaching the
canopy. Studies such as those of Horn (1971, 1975)
showing differential reproduction under each tree spe-
cies seem particularly valuable.

The disparate data for Acer rubrum at HMF in tabies
| and 2 are due to the relative absence of the species in
the central portion of the forest where the transects were
done. Table | is representative of Acer rubrum for the
entire forest. We are uncertain of future trends in the red
oak group in any woods because the seedlings were not
separated by species. Also the red oak group 1s the only
case where there may be a significant difference it the
production of seedlings between 1972 and 1973 (table 1).
Based on the relative abundance of trees, the seediings

are probably almost all Quercus rubra and Q. velutina.
At HMF the two species are about equal in abundance,
but in all of the other woods Quercus velutina 1s more
abundant. and often many times more abundant. than

Q. rubra. Differential changes in the two %Dﬂtl;’
probable but unpradml&blﬂ L
The future changes in species composition tq h ;;

pected at HMF based on intenstve sampling thmu no!
the woods at one lime, agree overall with Suisep S Sipaaa . Jer
cant study (1971), based on sampling one Dﬂrtmn - Y
comparing data with a similar sampie 20 years’ ﬁa 2. Bo
Differences for some individual species are evidepy o
cxpecied since the present study includes a bmade‘* Feliiph

_p-a_l
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1ike Acer saccharum and Fraxinus americana at

and >20% of the forest area. _
The predicted increase in northem hdfdw{}ﬁﬁs S 3

pense of oak forest species like Quercus alba and’
spp. in these 9 woods on the upland red shale Pig

agrees also with results on other geologie whstrata' H
Piedmont and to the North in New Jersey (BUe}] Harl
1966). Such a change in forest structure over a"‘ Ut
arca would have major ecological itmplications, Y4
We appreciate the hield assistance of ALE. Galh Hortr
Engelmann, E.W. Murray and V.A. Rudis, the Eﬂﬂ Pr1
1ion of the land owners, and the financial assastaﬂ
the U.S. Forest Service Pinchot Institute Consgrge} . - SU
for Environmental Forestry Studies and the R " ’ttﬁ
University Research C{Junczl & U
oKrdl
oM
Lew
Literature cited =N
MLI
Agricultural Handbook No. 271. Silvics of Forest! . L
of the United States. U.S. Dept. Agnc. Fﬂrast,: M
Washington, D.C. ~Maor
Ambler, M.A. 1965, Seven alien plant species. Wl o L
.. Hutcheson Memorial Forest Bulletin 2{2):1 8 S L
Raird, J 1956, The ecology of the Watchung K e
tion, Union Ce.. New Jersey. Publ. Dept. Bﬂ H
553 I

Rutgers Univ,, New Brunswick, N.I. -
Bard, G.E. 1952, Secondary succession on the Pled
of New Jersey. Ecol. Maonogr, 22:195-215. -
Bn:i E.R. 1958, The chmate of New Jersey. In Er:l:m s -
of New Jersey. Rutﬂcrs Univ. Presg, mw
1\ J.Pp. 33-98. : --7
Braun., E. L. 1950, Deciduous Forests c:fEastern
America. The Blakiston Co., Philadelphia, Pa. 7
Bray, J.R., and J.T. Curtis. 1921'3r An Drdmatmnfu
upland ﬁ::r{:at communities of southern Wlscn
Ecol. MDI‘IGgI’ 27:325-349. '
Buell. M.F. 1957. The mature oak forest -:ijf:l
Wuuda William L. Hutcheson Mcmﬂnd! FDI’ESt
letin 1{1):16-19.
. H.F. Buell and J.A. Small.
the history {Jf Mettier’s Woods. Bull.
Club 81:253-255. :
. AN. Langford, D'W. deldsqﬂ
[ .F. Ohmann. 1966. The upland forest cc-ntmu;
northern New Jersey. Ecol. 47:417-432.
“and W.A. Wistendahl. 1955. Flmﬂd
forests of the Raritan River. Bull. TGI‘I‘E:}‘ B‘D['
82:463-472. -

1954 F
T{]I'l'f:}'




":.'.Un' JE. 1933, Vegetation and microchimales on
d south stopes of Cushetunk Mountain, New

- nurlh dn A

B petsey. Ecol. Monogr. 23:24]-270,

nald, M.L. 1950. Gray’s Manual of Botany, Amer.
.-'-_;;::_F"'BGU Co. New York. 1632 p.

'.;-"j:-'.":flp-rcl  R..and D.E. Fairbrothers. 1963, Floristic Study

.;;.f the William L. Hutcheson Memorial Forest (New

o ey). Bull. Torrey Bot. Club 80:338-355.

i_"‘-z:',:-(}alll A E. 1973, Bird species diversity and forest size on

~the New Jersey Piedmont. M.S. thesis. Rutgers Uni-

H - orsity. New Brunswick, N

':-::Jf:f-"-G]eastln H.A. 1962. Plants of the Vicinity of New York.

§ - {afner Publ. Co. New York. 307 p.

H flow, W.M. 1959 Trees of the Eastern and Central

Y United States and Canada. Dover Pubi Co. New

it York. 288 P

____;_fj:_':'_:Hm-n HS. 1971. The Adaptive Geometry {Jf Trees.

3 princeton Univ. Press. Princeton, N.J. 114 p.

e . 1975, Markovian properties of forest

buucewun [n Ecology and Evolution of Communi-

“ties. Eds: J.M. Diamond and M.J. Cody. Harvard

Unwr Press. Cambridge, Mass. (in press). '

_. f’:-::--'v;f(mm:,r R.J. 1971. Herrontown Woods. Stony Brook-
""'_-'_.:'_Millstune Watershed Assn,, Inc. Pennington, N.J. 44

“Jers

. W

,:.;-;_;j'-mus 1.V, and H.B. Kummel. 1915, The Geology of
J New Jersev. Geol. Survey Bull. 15, Washington, D.C,
?if.'.f.'_:'--M{,Dunuugh Ww.T., and M.F. Buell. 1956. The vegeta-
=tion of Vourhwq State Park, New Jersey. Amer.
- Midi. Nat. 56:473-490.
Mﬁnk C.D. 1957. Plant communities of Hutcheson Me-
morial Forest based on shrub distribution. Bull. Tor-
ey Bm Club 84:198-206.
. 1961a. The vegetation of the William L.
Hulr..hesun Memorial Forest, New Jersey: Bull. Tor-
ey Bﬂt Club 88:156-166.
L . 1961b. Past and present influences on
repmdu tion in the William L. Hutcheson Mcmﬂndf

T N AT e | W el TR v s . TRE e "-___—:hw;:‘*—'l— .

: . . A e o~ _—

' 41-1---1_:‘-!{:‘:'-—-_‘”.*: _....-...._......“_ - PR T

Forest, New Jersey. Bull. Torrey Bot. Club
86:167-175.
Reiners, N.M.,

vesting of trees. Wilham L.

- Forest Bulletin 2(2):9-17.

Robichaud, B., and M.F. Buell. 1973 Vegetation of
New Jersey. A Study of Landscape Diversity, Rutgers
Univ. Press, New Brunswick, N.J. 340 p.

Small, J.A. 1973. Publications nvolving studies at the
William E£. Hutcheson Memorial Forest. Willlam L.
Hutcheson Memorial Forest Bulletin 3(1):27-29.

Sulser. J.S. 1971. Twenty years of change in the Hutche-
son Memorial Forest. William L. Hutcheson Memo-
rial Forest Bulletin 2(4):15-25,

Tedrow, J.C.F. 1963. New Jersey Soils. Rutgers College
of Agriculture. Circular No. 601. Rutgers Univ, New
Brunswick, N.J.

Ugolini, F.C. 1964. Soil development on the red beds of
New Jersey, Willilam L. Hutcheson Memorial Forest
Bulletin 2(1):1-34. |

U.S. Department of Commerce. 1959. Climates of the
States. New Jersey. U.S. Weather Bureau. Gov.
Printing Off. Washington, D.C.

U.S. Soil Conservation Service. 1958-1967. Cooperative
Soil Surveys. Somerset, Hunterdon and Mercer
Counties. U.S. Dept. ‘Agri. Soi1l Conservation Service
and Rutgers Univ, Agric. Exp. Sta. Gov. Prinung Off.
Washington, B.C.

VanVechten, G.W., 111, and M.F. Bueil, 1959. The flocd
plain vegetation of the Millstone River, New Jersey.
Bull. Torrey Bot. Club 86:219-227.

Wales, B.A. 1972, Vegetation analysis of north and
south edges in a mature oak-hickory forest. Ecol.
Monogr. 42:451-471.

and W_A. Retners. 1965, Natural har-
Hutcheson Memonal

Widmer, K:1964. The Geology and Geogruphy.of:New . -

Jersey. Van Nostrand co. Princeton, N.J.
Wistendahl, W.A. 1958. The flood plain of the Raritan
River, New Jersey. Ecol. Monogr. 28:12%-153.

ey M it ey



