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INTRODUCTION

The objective of this paper is to deseribe and cor-
relate the past and present vegeiational patterns and
point out future successional trends in the plant
eommunities of High Point State Park. The deserip-
tions of vegetation are intended to be suitable for
general use as well as to contribute to the vegetational
knowledge of northwestern New Jersey. High Point
State Park was selected for the study since no de-
tailed investigations had been made [in the region.
Furthermore, it represented a delimited area which
was relatively free from disturbance sihce its acquisi-
tion as a State Park.

The park is loeated in Sussex County in north-
western New Jersey. It is an area of 10,935 acres
lying just south of the New York State line and
saddling the erest of the rocky Kittatihny Mountains
for a distance of 8 mi. (Fig. 1). Its séuthern bound-
ary is contiguous with Stokes State Forest, In width

-it ranges from 2 to 4 mi. depending upon various ir-
regularities of the boundary. The aren has not long
been a State Park. It was given to thd State of New
Jersey by the late Colonel and Mrs, Anthony Kuser
in 1923. They had built & 220 ft. monument at the
highest point on the ridge which is ako the highest
. -elevation in New Jersey (Fig., 1). The monument
- affords an excellent perspective of the park. During
" the peak of autumn coloration the differential aspeet

1At present with the Department of Botany, Counecticut
Lollege, New Londoen, Connecticut.
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of the various communities is pronounced. Light

green pitch pine characterizes the rock outerops of
the ridge top, with a colorful oak forest predominat-
ing on the slopes. Dark green conifers are conspien-
ous in the bogs and swampy areas surrounding the
lakes (Fig. 2).
The high series of ridges in the park owe their
presence to the geological strueture of the region.
Physiographically, this part of the State lies in the
Ridge-Valley Provinee. The rocks are of Paleozoie
age. The limestones, shales, sandstones, and conglom-
erates were subjected to normal and thrust faulting
as well as complex folding during the latter part of
the Paleozoic. In Tertiary time, the land was base
leveled forming the Schooley peneplain (Kummel
1940). With the uplift of the Schooley peneplain in
late Tertiary time, the streams were rejuvenated.
The harder strata of sandstone and conglomerate re-
sisted rapid erosion and today persist as ridges while
the less resistant shales and limestones form adjacent
valleys. FEast of the Kittatinny ridge, shales and
limestones underlie the Kittatinny valley. The ridge
is double crested, the eastern part forming the major
ridge (Fig. 2, 3). It consists of Shawangunk eon-
glomerate which is primarily quartzitic with small
white guartz and slate pebbles embedded in a siliceous
matrix. To the east the ridge drops off as a steep,
and in places, precipitous escarpment. Toward its
base the Martinsburg shale outcrops, its beds dipping
northwest under the conglomerate (Salisbury 1902).
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Fie. 1. Vegetational map of Iigh Point State Park.
Locations of stands (1-19) studied in detail are desig- !
nated by solid dot adjacent to the number. Other areas
studied in less detail are designated by numbers 20-25.
Transeets A, B, C, D, E, are indicated by solid lines.
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Stippled areas in eastern sector of park represent pitech

pine-serub oak community on the conglomerate ridge
top. In general these areas correspond to the high rocky
outerops. In most cases, the streams can be located
from the pattern of the mesic communities, The mesic
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communities include the mixed oak-hardwoeods and north- .

ern hardwoods. Lakes are indicated by wavy lines (20-
24). 1In the east central sector of the park is the
Bussex reservoir (Lake Rutherford).
lines indieate roads, High Point Monument is loeated
at the terminus of the road south of st-nd 2,
right outline map of New Jersey with Sussex County
and park located.

However, on the ridge top near the park entrance
a small lobe of shale extends northward to Lake
Marcia. The lower western ridge crest is developed
upon the High Falls formation consisting of red,
green, and olive-colored sandstone and shale with in-
terspersed beds of conglomerate. The topography is
less rugged than where the Shawangunk oecurs.
Maximum elevations on the two geological formations
are strikingly different. The Shawangunk ridge
where the High Point Monument is located rises
1803 ft. above mean sea level (Fig. 1). In confrast
the highest ridge on the High Falls is only 1480 fi.
During the Pleistocene epoch, the area was glaci-
ated, At least two and possibly three ice sheets ad-
vanced southward covering the northern part of the
State (Kummel 1940}. Each modified the topog-
raphy by both seouring the highest ridges and else-
where leaving in its retreat extensive glacial deposits.
The pronouneed glacial features of the area are due
to the most recent glaciation, the Wisconsin—specifi-

Heavy irregular .

Lower '
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cally the Cary substage, the final Mankato advance
terminating further north (P, MacClintock, per-
sonal communieation). The terminal moraines of
_the Wisconsin extend as far south as a line extend-
ing aeross the State through Perth Amboy, Morris-
town, Hackettstown and Belvidere. Glacial strise
on the seoured conglomerate outerops indieate that
the ice sheet moved across the area of the park in a
southwesterly direction. The topography influenced
the distribution of the glacial drift. It is estimated
to reach 10 ft. or more in depth on the High Falls
while along the crest of the Shawangunk ridge it does
not exceed 2-3 ft. (Salisbury 1902). Over the latter
it is sporadic and interspersed with rock outerops.
The steeper slopes are talus covered as a result of
either glacial plucking or the disrupting aetion of
temperature changes in post-glacial time. Glacial
Iakes forned either by dammed up valleys or scoured
out hasins characterize the area.

For the most part the soils have been derived
from the weathering of glacial drift. On the drift
overlying the High Falls the soil has been mapped as
the Lackawanna stony loam {Jennings, et al 1903).
In the depressiops on the major ridge, a shallow
phase of this type may be recognized. The profile
developed is either a true podzol or of the gray-
hrown podzolie type. The latter is most widespread.
It is a hrown to reddish-brown loam 5-8 in. deep
grading into a yellow-brown to Indian red subsoil.
The parent material exposed at a depth of about 2
ft. along the road cut is bouldery elay. It consists
of a mottled dark-brown to light-gray matrix con-
taining many boulders and rock fragments.

On the Shawangunk formation rock outerops are
common. Here where soil has formed at all it is by
the slow process of the aceumulation of organic ma-
terial and weathering of the parent materials.

The park has an annual mean temperature of
49.5°F, (Sussex, 22-yr, record) with extremes rang-
ing from —20° fo +100°F. The frost free season
extends from May 7th to October 1st (Culvers Lake).

. The annual mean rainfall is 45.94 in. (Culvers Lake)

with most of it occurring during the summer. Much
of the precipitation in winter is in the form of snow
with occasional sleet and iece storms. The annnal
snow cover is 54.5 in. (Culvers Lake) or 109, of the
total preecipitation, Snow to a depth of 20 in.
in one storm is not unusual. The wind direction is
i southwest during July and August bnt from the
northwest during the rest of the year (U. 8. Dept.
Agr. 1926),

The park lies in the oak-chestnut forest region
“which extends southward along the Ridge-Valley and
‘Blue Ridge Provinees {Blodgett 1910; Braun 1950).
To the east on the Piedmont of North Carolina, this
‘forest gives way to oak-hickory ({Oosting 1942)
'which also oeeurs northward on the Piedmont of New
‘Jersey (Bard 1952). To the north and northwest on
the Allegheny Plateaun, chestnut-oak is replaced hy
'the hemlock-white pine-northern hardwoods as de-
iseribed by Nichols and others (Nichols 1913a, 1935;
[Lutz 1928, 1930¢; Bray 1930; Hotehkiss 1932; Hough
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Fig. 2, View north from top of High Point Monument in autumn,

On ridge at right,
pitch pine-serub eak community demarked by green areas of piteh pine. Contiguouns with
it is chestnut oak community . represented by orange-yellow coloration. This community
also predominates on the adjjcent slopes.

In center at base of slope, Cedar Bog with
dark green coniferous element (hemlock, black spruee, southern white cedar} and inter-
spersed reddish-yellow deciduohs element (red maple, yellow birch, black gum). Reddish
tinge, at base of slope and ekpecially beyond the bog, indicates the presence of other
oak species. Grayish-white ardas on ridge top within piteh pine-scrub oak community are

conglomerate rock outerops sufrounded by searlet colored ericaceous shrubs. Dark areas
beyoud bog are eloud shadows, (This illustration published with funds other than thosc
of Ecological Monographs,)
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Fie. 3. View south from top of High Point Monument. Shawangunk conglomerate forms major ridge which
continues southwestward. Less rugged topography of High Falls formation to right of major ridge. Piteh pine-
scrub ogk community in foreground left of road (Stand 1). Note burned.over asrea left of center, indieated by

carpet-like area of low shrub vegetation. Lake Mareia at right.

Fields are on Martinsburg shale at left. Lake

Rutherford and Saw Mill Pond in left and right background respectively.

1036; Gordon 1940; Egler 1940; Héugh & Forbes
1943). Bray (1930) studying the vegetation of New
York State, points out that the State lies in a tran-
sition zone where oak, chestnut, and hickory overlap
with the northern hardwoods, the biréh, beech, hem-
lock, and sugar maple. Similar patterns in more
detail have been chserved by Raup [{1938) in the
rugged Black Rock Yorest of New' York and by
Jennings (1939) in the mountainous Ridge-Valley
Province of Pennsylvania. Within the High Point
region, as early as 1884, Britton noted a striking
gimilarity between the pitch pine-serpb ocak on the
Kittatinny ridge and the Pine Barreils of southern
New Jersey. He also observed the presence of a
peculiar florn eharacteristic in part of jmore northern
regions, or in part, the coastal pliin of New Jersey,
Around 1900 the geologieal and soil sirveys reported
a mixed coniferous deeiduous forest !(Vermeule, et
al 1900). Jennings and his co-wotkers found a
forest predominantly of oak-chestnut! (Jennings, ef
al 1913). Moore (1939) reports a forest primarily of
mixed hardwoods in which oak is dominant. Recent
comparative studies on the life forms in the pine-oak
community compared with those in the Pine Barrens
of New Jersey, indicate a greater proportion of
hemicryptophytes and eryptophytes on the ridge than
in the Pine Barrens, which is suggestive of the more
rigorous eclimate of the ridge (Archard 1933, in
press), ‘

I wish te express my sincere appreciation and
thanks to Dr. and Mrs. Murray F. Buell for their
continnous encouragement, sincere interest, and
helpful ecriticisms in the preparation of this manu-
seript. And also to Mr. Howell Q. Archard for his
assistance during the field work. I am indebted to
the following for their identification or verifieation
of species of the following groups: Drs. G. M. Day

{Picea); W. E. Manning (Carye); E. T. Moul
(Mosses) ; J. W. Thomson (Lichens); H. A. Wahl
(Carex); and F. W, Woods (Ilex).

METHODS

The fleld work was conducted during the summers
of 1950 and 1931. A systematic reconnaissance of the
park was undertaken by following a series of com-
pass lines selected on the basis of a study of aerial
photographs and topographic maps. Then long
{ransects were established through ‘sections of the
park, cutting aeross successive communities. Along
these transects tree cover was measured by the line
interecept method (Bauer 1943, Buell & Cantlon
1950). This served to show the relationship of the
communities to the topography and to each other.
There were five such transects (A, B, C, D, E).
Next, individual stands were sampled (Stands 1-19).
Locations of transects and stands are shown in Fig.
1. Again the line intercept method was used to
determine cover in both the tree and shruh layers.
In each community & line of 100 m. was nsed except
where only a single stand of a type was sampled.
In the latter case, the size of the sample was in-
creased depending upon the uniformity of the com-
munity. For instance, in the mixed oak-hardwoods
community a transeet of only 160 m. was used.
Diameters of all trees which occurred in a continu-
ous 4 m. strip along the transect line were measured.
Saplings (including individuals of tree speeies 1 ft.
high or over hut less than 1 in. d.b.h.) were counted
on a continuous 2 m. strip along the transect line,
Herh and moss cover was estimated on 14 x 2 m.
quadrats spaced at 5 m. intervals along the transeet
line. Tree seedlings were counted in the % x 2 m.
quadrats.

Specimens of all species found were collected and
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have been deposited in the Chrysler Herbarium of
Rutgers University, Nomenclature for the vascular

" plants is aceording to Gray's Manual (8th ed. Fernald -
- of so0il and conglomerate fragments surrounding the

1950) ; mosses aceording to Grout (1940).

Soil samples were taken in the communities stud- -
ied. The pH of the samples was determined with
the Beckman pH meter after the soil had been
brought into the laboratory. The dry soils were
soiked 24 hours hefore testing using a soil-water
ratio of 1:2.5.

Peat samples for pollen analysis were obtained
from Cedar and Pine bogs. The samples were taken
at 1 ft. intervals with the Davis-type peat sampler. :
In the lahoratory the pollen was separated by the
KOH method (Sears 1930). Counts of 150 grains :
were made except in the lower clay layers where, be- :
cause of a paucity of pollen, a minimum of 50 grains
was counted. Such low pollen samples ecome from
the 33 to 38 and 40 ft. levels of Pine Bog and the
20 ft. level in Cedar Bog. Percentages are based on !
total tree pollen.

RESULTS

XERARCH SUCCESSION

The earlier stages of primary succession are char-
actevized by the covering of exposed rock surfaces
with vegetation and its accompanying soil accumu-
lation. The piloneer invaders on the bare rocks are!
usually crustose and foliose lichens. The forma—l
tion of moss-lichen mats occurs in the depressions or: I
from the periphery of the rock outerops. As scil,
accumulates within these mats, grasses and sedges'
are able to become established. With further aceumu-
lation ericaceous shrubs and trees of the surround-’
ing forest invade and eventually cover the exposed
roek surfaees. This suecession is well shown on
the exposed outerops of the ridge top, contiguous,
with the piteh pine-serub oak community (Fig. 2).;
Growing on the dry exposed rock surfaces of theridge!
top, crustose lichens must withstand extreme per10d5|
of drought. Most conspicuous of them is Rmodma\
oreina {Ach.) Mass. which grows so closely appressed\

. to the rock that it appears to be a part of it and‘

gives the conglomerate a blackish-gray appearance
(Fig. 4). Foliose forms such as Crocynmia neglecia,
{Ach.) Hue. and Parmelia conspersa (Ehrh.) Ach.:
var. isidata (Anzi.) Stizenb. also grow on the bare’
rock surfaces where they frequently cover and de-.
stroy the cruostose forms. Croeynia appears as ir--
regular gray patches and Parmelia forms eircular.
green’sh gray patehes. In addition two members of’
the Umbilicariaceae, Actinogyre muhblenbergii (Ach.)
Schol. and Lasallia pensylvanica (Hoffm.) Llano

form black sealy masses on the rock surfaees, Thesel*

lichens do not develop mats upon which higher plants|
cam grow. The soil building pioneers which start m'
the crevices and depressmns or from the per1phery
of the outerops here, as in North Carolina (Qosting &
Anderson 1937), do not appear dependent upon the
presence of erustose lichens. Bryum capillare and
Ceratodon purpureus are the earliest forms to appear
in the crevices. They are particularly important on

" Potentilla tridentata (Fig. 4).

Ecological Monographs
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the ledge near the monument where they oecur with
These three, Bryum,
Ceratodon, and Potentilla also oceur in an admixture

outerops. Other mosses which eommonly form tufts
and mats in the crevices or depressions are Polyiri-
ehum juniperinum, P. commune, Leucobryum glau-
cum, Dicranum scoparium and D. fulvum. Cladonia,
especially C. caroliniana (Schwein.) Tuck. may oceur
with any one or combinations of these species and
eventually form expanding mats which spread out
over the rock surface. Similar mats form from the
edge and advance out over the rock. The thickness of
the moss-lichen mats increases as the lower por-
tions of the mosses and lichens die and add humus
to the organic layer and as dust and dirt sift down
into them,

Xerarch succession on Shawangunk conglom-
Rinodina oreina gives
conglomerate gray tone. Umbilicariaceae form black
gealy patches at right. In erevices Potentilla tridentata
ig flowering. Note Pyrus melanccarpa at left.

Fig. 4.
erate at High Point Monument.

‘With the increase in thickness of the mat, growing
conditions improve, especially moisture holding ea-
pacity, and herbs ean grow on the mat. Deschampsia
flezuosa is among the first and along with it may
be Danthonie spicata, Pawicum depauperatum, An
dropogon scoparius, and Carex pensylvanica. In
erevices on the more exposed sites, Carex, Danthonii.
and Panicum frequently occur with the mosses and
lichens. During this open herbaceous stage pine
seedlings become established. Finally, with further
growth of the mats, low shrubs invade either on
the periphery or in the center of the mat. In order
of decreasing importance on the mats they are
Vaccinium angustifolium, Gaylussacie baccata, Py-
rus melauocarpa, Vaccintum vecillans, Kalmia an-
gustifolia, Amelanchier stolonifera and Vaccinium
staminewm. Where soil accumulates in the deeper
fissures of the hed rock, shrubs may invade directly.
Here Pyrus or one or more of the above shrubs is
frequently found. Serub ocak (Quercus ilicifolia)
becomes established on the mat only after it has
reached considerable thickness. Herbaceous cover be-
neath the shrubs is similar to that found in the pitch
pine-serub oak community,

In contrast to the exposed ridge top is the north-
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Fie. 5. Northwest faecing talus slope above Cedar
Bog. Note sweet birch and white bu-ch Rhododendron
is dominant shrub.
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west talus slope (Fig. 5). There mueh of the slope
is paxrtially shaded by chestnut ozk (@piercus prinus),
sweet bireh (Betula lenta), white birch {Betule papy-
rifera), white pine (Pinus strobus}, striped maple
(deer pensyleanicum), mountain maple (deer spica-
tum) and mountain ash (Pyrus americana}. Such
slopes are strewn with large econglomerate boulders on
which the earlier lichen stages are similar to those
on the ridge except for an abundance of Umbilicaria-
ceae. Among these Lasallia papulosa (Ach.) Llano
is dominant, forming large grayish-Black scale-like
growths. In addition Umbilicaria mammulate {(Ach.)
Llano and Actinogyra muhlenbergit are present.
Where the houlders ave shaded, these speecies in-
erease in cover so that little of the rock is exposed.
On and between the roecks where debris accumulates,
mats of Cladonia rangiferina (L.) Web. and (. un-
eializ (L.} Web. are common and freguently asso-
eiated with cushions of Polytrichum ohioense, P.
commune, Leucobryum glawcum, and Dicranum sco-
parium which oecur in pure or mixed aggregations.
In these moss-lichen cushions, or where sufficient leaf
litter aceumulates, Polypodium virgindanum and oe-
easionally Dryopteris marginalis and Analic nudicaulis
are present. Bireh seedlings are common on the
eushions, as are also such shrubs as'Gaylussacia bac-
cata, Vaccinium angustifolivm, Kalmia latifolia, and
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occasionally Rhododendron mazimum. The trees
which eventually become established grow with their
roots spreading through the moss mats. However,
as the roots increase in size and portions of the mat
are eroded away, the roots become exposed. These
roots of the larger trees frequently grow between the
boulders. The trees, thus poorly anchored, frequent-
ly lean and often exhibit inferior growth form. On
most rocky areas this suceession long ago reached a
forested stage resulting in many rocky woodlands
in the park.

HYDRARCH SUCCESSION

Two patterns ‘of hydrarch succession are evident
in the park. TIn the artificial impoundments, fithing:::
is occuring primarily by sedimentation and by the
invasion of emergent aquatic vegetation. TIn con-
trast, lakes of glacial origin are being filled by the
encroachment of a floating mat upon whieh vege-
tation thrives and which deposits organic material
from the under side. However, in both of these
patterns, submerged and floating aguaties are pres-
ent in the deeper water. In the two instances, the
filling by eneroachment of emergents or by mat for-
mation, different types of forest eommunities result.
In the former the forest is composed primarily of
broad-leaved trees (swamp forest), in the latter of
conifers and seattered broad-leaved species (bog for-
est) (Fig. 1).

Both of these suecessional patterns are found in
the park area. The earlier stages of the suecession
may be observed in the five lakes and two beaver
dams. Three of them, Steeny Kill Lake (No. 20),
Saw Mill Pond (No. 21), and an unnamed pond
{No. 22), are artificial impoundments (Fig. 1}. In
conirast Lake Marcia (No. 23), and Lost Lake (No.
24), are of glacial origin. Sussex reservoir (Lake
Rutherford) although surrounded by park property
was not studied.

HYDRARCH SUCCESSION WITHOUT A FLOATING BMAT

Aquatie zonation is well illustrated at the southern
end of Steeny Kill Lake (Fig. 6). The area occupied
by the lake was formerly a swamp forest. The trees
were ¢ut and a dam built at the northern end. Stumps
project above the water in the southern end of the
lake; elsewhere the deeper water has submerged them.
Callitriche heterophylla and species of Potamogeton
are the predeminant submerged forms. On the ex-
posed stumps grow Leersia oryzoides and Spiraea
tomentosa. In the shallower water, is an emergent
zone dominated by Sparganium americanum which
grows 1-2 ft. in height (Fig. 6). Its associates are
Iris versicolor, Leersia oryzoides and several species
of Seirpus. On hummocks in this zone Spiraea oc-
curs with Hyperieum virginicum, H. mutilum and
Galium  tinctorium. Further hack Juncus effusus
and Seirpus eyperinus become the prineipal species.
Between the hummoeks of Carices and QOsmiunda cin-
namomea, Sphagnum forms a more or less continu-
ous layer with scattered plants of Drosera rotundi-
folia, Dryopteris thelypteris, Chrysosplenium ameri-
canum, and Scirpus atrocinctus. Here and there
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Fi6. 6. Hydrarch succession at southern end of Steeny
Kill Lake. Note concentric zones beginning with
Sparganium amertcanum at edge of water and followed
by Juncus-Seirpus stage, shrub stage, and finally swamp
hardwoods community in left background.

ave pure stands of Typha latifolia in the Junecus-
Scirpus zone,  espeeially near the shrub zone which
is further back.

A shrub zone oceurs next to the sedge zone and in
it Alnus rugosa, Ilex verticillata, Nemopanthus mu-
cronata, and Vaccinium corymboesum are predomi-
nant. Less important shrobs are Rhododendron
maximum and Rius vernizr. The shrub layer is from
5 to 10 ft. in height. The wet, hummocky ground
is covered with Sphagnum and herbs: Polygonum
sagittatum, Osmunda cinnamomes, Dryopteris the-
lypteris and various species of Carex. Young trees
of red maple (Acer rubrum) and gray birch (Betula
populifolia) are especially eommon in some parts of
the shrub zone. '

At other places along the lake shore where the
bottom gradient is steeper, the zonation is less con-
spicuons and somewhat telesecoped. In places Ce-
phalanthus occidentdlis and Seirpus validus play an
important part in the suecession, but are seattered in
their distribution.

In contrast, probably hecause of the rocky sub-
stratum, aquatic vegetation is poorly represented in
Saw Mill Pond and Lake Marcia. In the former
Sparganium gmericanum and Brasenia schreberi are
sporadic along the shallow lake shores. At Lake
Mareia, those plants which oceur are restricted pri-
marily to shallow inlets where mucky soil has accumu-
lated. Here one may find patches of Juncus effusus,
J. acuminatus, Eriocaulon septangulare, Ludwigia
yalustris and species of Eleocharis. Other species
that have been found in Lake Marecia but contribute
little to the vegetation are Juncus canadensis, Scirpus
ralidus, and FEleocharis palustris {Renlund 1951).
Along the rocky shores a dense shrub thicket has
developed with Vaccinium corymbosum, Rhododen-
dron wviscosum, Myrica gale, Celphalanthus occiden-
talis, Clethra alnifolia and Alnus rugosa as the prinei-
pal species,

In the southern sector of the park, a small shallow
unnamed pond is surrounded by a dense shrub zone.
At the eastern end on the exposed muddy substrate
a willow thicket (Salix scricea) is dominant, giving

Ecolnglcs.l Monegrapha
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way to Alnus toward the upland. In other places
glong the margin Rhododendron viscosum, Ilex wver-
ticillata, Vaceinium corymbosum, Viburnum recogni-
tum, Alnus serrulata, Alnus rugosa and Cephalan-
thus occidentalis form a dense border. In the open
water, herbaceous aquatics are relatively sparse. In
the shallow water near the shore one finds a few
scattered patches of Ludwigia palustris,
. In the southern part of the park, beavers have built
g dam, forming a pond in a low swampy area, and
killing many swamp hardwood speeies. Along the
pond margin Typha latifolia grows in sporadie
clumps. On the surface of the water one frequently
finds a dense covering of Lemmna minor. In the cen-
tral part of the park, beavers have recently flooded
a low swampy area and the suwrrounding oak forest.
Some of the trees are .dead and others are dying
either due to flooding or the activities of the beavers
girdling the bases of the trees. Aquatic vegetation
is sparse due to the recency of the disturbance; how-
ever, near the shore Lemna minor frequently covers
the surface of the water.

Another area, at gne time inundated by the aetiv-
ities of beavers and sinee abandoned, has been
drained and today Big Flat Brook flows through
it. The area shows evidence of having been pastured
hefore flooding. After its use as a pasture ceased
gray bireh, red maple and hawthorn (Crataegus spp.)
invaded. The flooding produced by beaver activities
killed the bireh and hawthorn. Since the withdrawal
of water, a dense willow thicket now grows along
mueh of the stream. IRushes, sedges, and grasses
‘are also important along the stream and on the ex-
posed lake bed along with species of Eleoclharis and
.other herbs. In some areas the herbs give way fo
'shrubs—Vibusnum dentatum, V. lentago, Lyonia Bi-
gustring, and Alnus rugosa,

All of these earlier stages in hydrareh succession
appear to be leading toward a swamp hardwoods
community, Stands representing this community oe-
cur in poorly drained areas, chiefly along the tribu-
taries of Big Flat Brook. Here two stands (14, 15)
were studied in detail (Fig. 1).

The forest floor is wet and boggy. In one stand
(15) a mixture of woody, sedge, and sphagnum peat’
‘extends to a depth of 3 ft. This is underlain by
-yellow-brown sedge peat which gives way to gray
‘clay at a depth of 9 ft.

! The tree eanopy is composed of two more or less
'distinet layers, below which is a sporadiec shrub
layer and fairly econtinuous herb and moss layers.
In the tree layer, red maple and yellow bireh (Betula
Iutea) are the dominant species, contributing up to
709% of the total tree cover in the two stands. In
one stand, yellew bireh is most important; whereas
in the other, red maple is predominant. Associates
are black ash (Fraxinus nigra), white ash {Frazinus
ramericana), basswood (Tilis americana), and tulip
tree (Liriodendron tulipifera) (Fig. 6, 13). The
itree eanopy covers 949 of the total area. Most of
'the trees are 4-9.9 in. d.bh, although larger ones
.afta’ning 16-18 in. d.h.h. are represented. In gen-
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eral, the trees arve shallowly rooted and semewhat
elevated above the frequently water-filled depressions
on the forest floor. The average height of the forest
ig 65 ft. In the understory hornbeam (Carpinus
caroliniana} is most important,.with hop hornbeam
(Ostrya virginiana) and transgressives of the domi-
nants. Yellow bireh, red maple, white ash, and hop
hornbeam are all reproducing themselves. Yellow
birch seedlings are wost abundant followed by red
maple and white ash.

In the sparse shrub layer, covering 16% of the
total area, there is considerable variation. In one
stand (14) Hamamelis virginiona and Vaccinium
eorymbosum contribute 719% of the total shrub cover,
In the other (15) Viburnum dentatum and Viburnum
lentugo contribute 57%. Shrubs present in both
stands are listed in figure 14. '

The herb layer is relatively continuous, covering
about 70% of the area. The three most important

-herbs in each stand are Osmunda cimnamomeq with

a 33% econtribution to the cover, Carex strictq with
299%, and Symplocarpus foetidus with 5%.  Carex
and Osmunda form characteristic hummocks on the
forest floor with Sphagnum occupying the wetter
depressions between them. Other herbs are listed in
figure 15.

Bryophytes occupy 31% of the area. Sphagnum is
most important, contributing about 219 eover.
Others, in order of decreasing impartance, include
Thuidium delicatulum, Mnium punclatum var. ela-
tum, Mnium cinclidioides, Tetrapis pellucida, Dicra-
num scoparium, Baszania ifrilobate and Trichocolea
tomentella. They are usually found on the elevated
tree roots and sedge hummocks.

Near Lake Rutherford the swamp hardwoods com-
munity oceurs with red maple, black gum (Nyssa syl-
vatica), and sporadic white pine which towers above
the deciduous species. Vaccinium corymbosum, Rho-
dodendron viscosum, Alnus rugosa, and A. serrulata
are the dominant shrubs there and gray bireh forms
a conspicuous border. Freguently hemlock (Tsuge
canadensis) and hlack gum are mixed in with the
other broad-leaved species as at the northern and
southern ends of Steeny Kill Lake. In other poorly
drained areas, swamp-white oak (Quercus bicolor)
is also present.

HYDRARCH SUCCESSION WITH A FLOATING MAT

The second pattern of hydrarech suceession is asso-
ciated with the formation of a floating mat. This is
best illustrated by Pine Bog (locally referred to as
Pine Swamp) located on the southwestern boundary
of the park, 1200 ft. above sea level (Fig. 1, No. 25).
It was formed as a result of glacial drift blocking
the drainage of a mountain valley (Waksman, et al
1943). 1In the southern part of the hog, an open
body of water (Lost Lake) is surrounded by a float-
ing sedge and sphagnum mat (Fig. 7). On the mat,
Chamaedaphne calyculata is the dominant shrub and
along with it are Andromeda glaucophylla, Kalmia
polifolia, K. angustifolia, and Vaccinium oxyecoccos.
Here small trees of black spruee {Piceq mariana) and

i
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F1¢. 7. Lost Lake in Pine Bog surrounded by a fioat-
ing mat on which Chamaecdaphne calyculata is the domi-
nant speeies. Tamarack and black apruce in foreground.
Peat samples were taken on the opposite side of the lake
where the person is standing.

tamarack (Laric laricine) have been seeded in from
the surrounding tree and shrub zone. The tamarack
is restricted primarily to the opem mat; the black
spruce is not only on the mat but throughout the
greater portion of the more mature bog. Along with
black spruce, red maple, black gum, vellow birch and
sporadic white pine and hemloek form a very open
forest rising above a dense shrub layer. The shrubs
are mostly Vaccinium corymbosum, Rhododendron
viscosum, Alnus rugose and species of Ilex. Rhodo-
dendron maximum forms a border along the edge of
the bog.

A later stage in bog suecession is illustrated by
Cedar Bog (loeally called Cedar Swamp), which is
located at the northern park boundary approxzimately
1500 ft. above sea level (Fig. 1 Stand 19). It is
probable that this was a lake that filled in the same
way as Pine Bog. However, the encroachment on the
lake is complete and no open water remains. The
area is now completely covered by a forest of conif-
erous and deciduous species. Although it is mostly a
rather eclosed forest, the sonthwest porfion is like
much of Pine Bog with red maple, yellow birch, black
gum and oceasionally white pine and black spruce,
seattered throughout & shrubby matrix.

Where the bog forest is most mature (Stand 19)
it consists of distinet tree, shrub and moss layers.
There are very few herbs. In the tree canopy, hem-
lock and red mapie are dominant, contributing 55%
of the total tree cover. Other trees econtributing
cover are southern white cedar (Chamaecyparis thy-
oideg) with 149, cover, yellow hirch 129, black
spruce 10% and black gum 9% (Fig. 8, 21). Cover
in the tree layer is 899% with only 119 represented
by opcnings in the eanopy. The larger hemloeks and
eedars are approximately 90 and 140 years of age
respectively. The tops of many. cedars and hemlocks
are broken or dying back as a result of wind and
ice storms, Others, especially hemlock, are branched
on the side opposite the prevailing winds. Windfalls
are occasionally found with the shallow root systems
of the fallen trees tipped up on edge. Logs in
various stages of decomposition furnish an excellent
substrate for establishment of seedlings. Dead stand-




Fie. 8. Cedar Bog. Crowns of Chamaecyparis thy-
oides most conspicuous. Road crosses bog at this point.
Young cedars are common along the road.

ing trees, especially cedars, are seattered throughout;
one cedar measured 25 d.bh. Some cedars up to
30" in diameter have been eut.

The trees differ in their ability to complete their
life eycle. Hemlock and red maple are most suceess-
ful. Cedar seedlings are sparse exeept in the open-
ings. Those that become established in dense shade
usually die when 3-4 in. in height. Cedar is destined
to be of less importance in the future as a result of
competition from the more shade tolerant hemlock
and red maple. Only loeally is it inereasing in im-
porfance, For example, along a road recently con-
structed across the bog, white cedar shows vigorous
reproduction with an abundance of seedlings and
saplings and larger trees 3-4 in. d.b.h. Black spruee
reproduction is also poorly represented, it, like the
cedar being more important in the less mature parts
of the bog. Reproduction of yellow birch and black
gum indicates that they will maintain their present
status in the community.

The shrub layer is 93% complete, there being only
7% of the area unoccupied. Of this shrub cover,
Rhododendron mazimum, which oceurs primarily in
deeper shade, forms a dense undergrowth contributing
649.. Its seedlings are abundant on the moss-covered
hummoeks and root systems. The remaining 36%
of the shrub eover is contributed by Ilex laevigata,
I. verticillata, Némopanthus mucronata, Vaccinium
corymbosum and Alnus serrulate which oceur pri-
marily in the openings. In the southwest portion of
the bog where it"is more open Rhododendron maxi-
mum frequently decreases in importance. Here in
addition to those shrubs previously mentioned Rhodo-
dendron viscosum, Alnus rugose and Lindera benzoin
form an almost eontinuous shrub layer.

In the mature forest, herbs are widely scattered.

Osmunda cinnamomen contributes 59 cover, Calla-

palustris 3%, and Symplocarpus foetidus 19. These
are most important in the openings. Of the remain-
ing 13 herbs- each contributes less than 1% ecover.
Beneath the shrubby matrix in the more open por-
tions of the bog, tussocks of Osmunda cinnamomea
covered with Sphagnum are characteristic. Along the
road across the bog, Sphagnum supports a distinetive
herbaceous flora ineluding species such as Calla
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-palustris, Sarracenia purpurea, Drosera rotundifolia,
Scirpus cyperinus, Eriophorum sp., Juncus effusus
—and species of Carexr and Eleocharis.

DEPOSITS OF PINE BOG AND CEDAR BOG

Samples of the sediments now filling the lake ba-
sins of Pine and Cedar Bogs were obtained to a
depth of 40 ft. and 30 ft. respectively. In the lowest
levels, the deposits consist of 8-10 ft. of gray clay.
These are overlain by gvttja which is formed in the
open lake waters as a result of benthic fauna re-
working planktogenic detritus (Lindeman 1941}. The
gyttja varies from fine detritus ooze in the lower
levels to coarse detritus ooze in the upper levels
(Deevey 1939). Its depth ranges from 10-15.ft. in
the two bogs. The upper layers of sedge and sphag-
hum peat were formed by dead material of sphag-
num, sedges, and associated plants falling from the
underside of the maf. As this is eontinuously built
up by fresh deposits, it compresses the underlying
gyttja. In Pine Bog 17 ft. of sedge-sphagnum peat
has accumulated. In Cedar Bog there are 4 ft. of
sedge peat eontaining fragments of wood, overlain
by 6 ft. of woody peat,

ABANDORED FiELDS

Most of the former farm land is now abandoned
to the invasion of native vegetation, and various
guccessional stages are evident leading to an oak or
oak-hickory forest community (Fig. 1). Along the
lower southeast escarpment, on the Martinghurg shale,
dbandoned fields are more or less continuous. Ero-
gion there hag removed mueh of the glacial drift,
éxposing the shale so that the vegetation there is
directly influenced by the underlying geologieal for-
mation. On the High Fails and Shawangunk for-
mations, throughout the rest of the park, the old
flelds are more scattered. Where there are old fields,
glacial drift covers the bed rock. Agricultural use
of the land has ceased, except for several flelds
seeded with timothy and clover a few years ago and
still mowed each summer.

PERENNIAL HERBACEOUS STAGE
: There are no fields just abandoned, but on these

with good drainage in which ecultivation has meost -

recently ceased, Poa compressa, Daucus carota, Soli-
dago graminifolia, and Hypericum perforatum are
the dominants (Fig. 9). Next in importance are
Hieracium protense, H. aurantiacum, Trifolium pra-
tense, T. repems, Linaria vulgaris, Agrostis alba,
Phileum pratense, and about 34 other herbaceous spe-
cies seattered through the vegetation. Andropogon
scoparius is not very important in the suecession
exeept in fields whose soils are derived from the
shale, TFields in this early stage of succession are
commonly bordered by hedgerows of gray bireh,
trembling aspen (Populus tremuloides), black cherry
(Prunus seroting), scarlet oak (Quercus. coceinea),
and red maple (Fig. 9). From this border the
trees spread out into the field and one finds young
plants among the herbs near the edge of the field.
In the southern part of the park on the poorly
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and Solidagoe graminifolia are dominant herbs. Gray
birch and trembling aspen at left and oaks at right
form horder along hedgerow.

drained Papakating silt loam, Potentilla simplex, Iris
versicolor and species of C’arem, J*meus, Solidago,
and Agrostis are dominant in the fields that have not
been plowed for some time. Other species present

. are Linaria vulgaris, Hypericum perforatum, Cirsium

arvense and Phleum pratense, Woody speeies of
Spiraea and Clethra are invading this community.

THICKET STAGE |

Gray bireh spreads out over most fields relatively
fast (Fig. 9). Along with it appaar the shrubs—
Rhus typhina, R. glabra, Quercus ilicifolia (serub
oak), Rubus spp. and various heaths. The herbs of
this thicket stage are primarily Agrostis alba, Poten-
tilla simplex, Solidago graminifolia, Hypericum per-
foratum, Linaria vulgaris, Solidago rugosa and Poa
compressa. As the suceession continues considerable
variation is evident. Gray birch may form a relatlvely
uniform and contmuous, tree layer growing in elumps
and ranging from 1-4 in. d. b, h. 'With it may be
found scattered black cherry, red maple, and white
ash as well as saplings of red oak (Quercus rubra),
white oak (Quercus alba), red maple, and searlet
oak. Species of Rubus commonly form a dense tangle
3-4 ft. in height. The dominant herhs are Solidago
rugosa and Potentilla simplex,

On the other hand, gray birel? and red maple may
be ¢o-dominant in which ease the shrub layer may con-
sist of Quercus ilicifolia, Vaccinium angustifolium,
¥. stamineuwm, Viburnum recognitum, Hamoamelis
virginiang and species of Rubus, In such stands
Lycopodium ecomplanatum and Polytdichum commune
frequently form econtinuous mats over the ground.
Where rock outerops in the thicket, Polytrichum com-
tune, P. juniperinum and Danthonia spicata cover
the area. Sometimes white pine snd pitch pine
(Pinus rigida) are associated with red maple and
gray bireh. Saplings of hickory (Carye spp. in-
cluding C. glabre and C. ovalis; Carya ovata) red,
white, searlet, and black cak (Quercus velutina) are
also eommon. On the Martinsburg shale red cedar
(Funiperus virginiana) is oeceasionally associated with
gray hirch and red maple but does not occur in the
other areas.

FOREST STAGE !

Eventually a forest of oak or of oge dominated by
oak and hickory gains aseendaney jover the birch

F1e. 9. Perennial herbaceous stagd, Daucus carots
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(Fig. 10). Some of the same shrubs found in the
thicket persist but there is a change in the herb
composition. The principal ones are Lycopodium
coihplanatum, Pteridium aquilinum, Lysimachia qua-
drifolia, and Medeola virginiana. The resulting forest-
is dominated by either red oak, chestnut ¢ak, white
oak and hickory or by white oak and hlekory alone.

F1e. 10. Approaching forest stage. Gray birch and
piteh pine still present. Larger trees are oaks,

Other trees ecommon in the young forest are biaci
oak, red maple, and scarlet oak.

Pircx Pine-OAk COMMUNITIES

The pitch pine-oak communities oceur on the
Shawangunk conglomerate as a depauperate pine-
scrub oak community {Fig. 11) and on the driff over-
lying the High Falls sandstone as a piteh pine-arbo-
rescent oak community. Four stands of the pine-oak
community were studied, two (Stands 1, 2) on the
Shawangunk conglomerate and two (Stands 3, 4) on
the High Falls sandstone. The former will be re-
ferred to as the pine-serub oak and the latter as the
pine-oak.

) Fi¢. 11. Piteh pine-serub oak community. Note
heaths in crevices of conglomerate. Chestnut oak com-
munity is eontigupus with pitch pine at right (Stand 2).

PINE-SCRUB OAK

On the ridge where the pine-serub oak ecom-
munity oceurs, the soil is very thin and rock outerops
are common (Fig. 11). Often mats consisting pri-
marily of organie material bound together with roots
cover the rock surfaces. The pH is apprommately 4,

The tree and herbaceous layers are open, in con-
trast to a shrub layer that furnishes practieally com-
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plete cover (Fig. 13, 14, 15). The piteh pines, the
dominant trees contributing 769% of the total tree
cover, ave rather widely spaced. Species associated
with the pine in order of decreasing importance are
red maple, gray bireh, juneberry (Amelanchier ar-
borea, A. laevis), and sweet birch. The tree layer
averages 18-20 ft. in height with the larger pines
8.10 in. d. b. h. and approximately 70 years of age.
The pines typically have broken tops or tops with
gnarled or twisted branches. The open aspect of the
woods is evidenced by the 549% unoceupied space in
the tree layer (Fig. 13).

Pine seedlings and saplings are oceasionally found
in the rock crevices or moss mats where sufficient soil
is present. Seedlings of red maple are frequently
found. Saplings of sassafras (Sassafras albidum},
juneberry, red maple, and sweet hirch are scattered
throughout the stands. Although a chestnut oak
community always borders it, chestnut oak saplings
are rarely found in the pitch pine community of the
ridge top.

The shrubs are conspicuocusly two-layered, cover-
ing 929, of the avea. The taller shrubs are serub
oaks which often form a dense thicket 3-10 ft. high.
The lower layer is dominated by heaths, of which
Vaceinium angustifolium and Gaylussacia baceata,
typically two feet or less in height, are most impor-
tant contributing 579% cover. Low shrubs of less
importance are Pyrus melanccarpa, Vaccinium vaesl-
lans, Kalmia angustifolia, Amelanchier stolonifera
and Comptonia peregrina, Diervilla lonicera, Prunus
pensylvanica, P. pumila, Rhus copallina, and Pyrus
antericanda. :

The herb layer, in contrast, covers about 209 of
the ground. Of the 21 species of herbs Maianthemum
canadense, Pteridium aquilinum, and Aralia nudi-
caulis together contribute approximately 209 cover
in this layer. All the others contribute a total of
less than 19. The moss layer is sparse covering
less than 1% of the area.

Evidence of browsing by deer is conspicuous.
Plants most frequently browsed include pitch pine,
sassafras, juneberry, mountain ash saplings and eer-
tain herbacecus species. Evidence of fire in the re-
cent past is indieated by the fire scars on the base of
the tree trunks.

PINE-QAK

The pine-oak oecurs on some of the hilltops of
the High Falls formation. The soil is & podzol, the
A horizon ash-gray in color underlain by a yellow-
brown B horizon. The pH of the soil is about 4.5.

The tree eanopy frequently eonsists of two more or
less distinet layers. The uppermeost layer is dominated
by oceasional piteh pine extending 10-15 ft. above the
lower oak canopy.*” The piteh pine contributes ap-
proximately 249% cover., The deciduous lower layer
of red maple, searlet (Quercus coccinea), white, and
chestnut oaks represents about 659 of the total tree
cover (Fig. 13): Trees of minor importaneé ave
black gum (Nysse sylvatica), black ocak (Quercus
velutina) and sassafras. There is about 20% uncecu-
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pied space in the tree layer compared to about 509%
in the pine-serub oak community of the ridge top
(Fig. 13). The larger pines are 17-19 in. d. b. h.

cand about 140 ycars of age. Most of them are
-over 10 in.-d. b. h. The hardwoods are most abun-
-dant in the small size elasses. Pine snags and rotting

pine logs occasionally are present. White oak, sear-
let oak, chestnut oak, and red maple are reproducing,
and chestnut sprouts are present. Pine seedlings are
rare and saplings are completely absent.

In the shrub layer, Gayluscacia baceate is domi-
nant, contributing about 60% of the cover. Other

" heaths represented are similar to those found on the
ridge (Fig. 14). Secrub oak contributes about 15%

of the cover and oceurs in clumps, where ample
light reaches it. The shrub layer is rather dense,
covering about 85% of the area.

Ten herbs wcre found. They occupy only about
159, of the aren (Fig. 13). Pteridium aquilinum has
jan average of 9% cover., None of the others furnish
over 19 cover. Prineipal among them are Gaultheria
procumbens, Aralio® nudicaulis, and Medeola virgini-
-gna. Mosses occupy less than 1% of the area.

CrEsTNTT OARK COMMUNITY

The chestnut oak connnunity is the characteristie
community of the park. Tt formis a matrix in which
all the other communitics are found (Fig. 1). A
total of 6 stands was studied. Four (5, 6, 7, 10} of
the stands were seleeted on the Shawangunk forma-
tion; two (5, 10) on the southeast escarpment below
;the monument; another (6) on the northwest slope
“above Cedar Bog and the remaining (7) on the ridge
‘above, where it occupies a slight depression. The
two stands on the High Falls (8, 9) are located on
‘gently undulating topography overlain by glacial de-
-posits (Fig. 1).

On the upper and mid-slopes and many sites along
‘the ridge fop of conglomerate where the soil is very
roeky, the most xerie aspeect of the chestnut oak com-
munity is characteristie (5, 6). Here an organie
‘layer consisting of 3-6 em of leaf litter overlies a
.mor humus layer which forms a mat over the rocky,
-substratum. Depressions along the ridge top, filled
“with soil, constitute a more favorable environment
“for this eommunity (7). An especially favorable site
;for the community is on the High Falls formation
'where the soil is relatively deep overlying the bed
rock (8, 9}). On the lower slopes, although the
ground is very rocky, the interstices are filled with
“finer soil resulting in an even more favorable soil
mantle than upon the slopes and ridge tops (10).
In this community the soil pH is 5.0.

Within the chestnut oak community, there iz a
_progression from the most xerophytic aspeet (5, 6)
. (Fig. 12), to the deeper soils, especially on the High
;Falls and depressions on the ridge top (7, 8, 9}, to
‘the lower stopes of the conglomerate which represent
i the most mesophytic phase (10) (Fig. 13, 14, 15).

On the rocky slopes, the forest consists of two
‘more or less distinet tree layers, a relatively con-

tinuous shrub layer and sparse herb and moss layers.
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Chestnut oak community along road to Cedar
The most xeric aspeet charaecteristic on rocky

Fia, 12,
Bog.
slopes.

In the tree layer, chestnut oak is by far the most
important, contributing over 55% of the total cover.
The prinecipal assceiate is red oak. Black oak and
sweet birch are occasionally present. Although the
total cover in the tree layer is over 909, the tree
‘erowns are thin, transmitting a considerable amount
of light.

Most of the trees fall into 1-3.9 in. and 4-9.9 in.
gize classes, but larger specimens are scattered
throughout the stand. Two or more trees growing
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Fiec. 13. Tree cover and frequency for forest com-
munities, Length of bar represents ¢ of total cover,
width of bar represents ¢, frequency of gecurrence on 20
m segments along the transect lines in all stands sampled
of each community. For example, in thd pine-serub oak
eommunity Pinug rigide is dominant contributing 76¢
of the total tree cover and representing 93¢, frequency.
The (X) indieates that the species was present in the
community but not occurring on the tmansects. Space
refera to the portien of the canopy between the erowns
of the trees. For example, in the pine-scrub oak com-
munity, where the gaps in the canopy are greatest, space
is equal to 54¢, of the total area, in contrast with the
mixed oak-hardwoods where the ecanopy is completely
closed, Carya spp. include C. glabra and C ovalts.
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from a single root system are eommon, The larger

chestnut oak are 9-14 in. d. b. h. and approximately
95 vears of age.

The average height of the forest is 50 ft. The
understory consists of red maple, sassafras, chestnut
sprouts, and young trees of hickory and oak. All
species are reproducing themselves although chestnut
oak is most successful. Oak reproduction is primari-
ly of sprout origin. Chestnut sprouts are commion,
Numerous fire scarred chestnut snags litter the forest
floor.

The shrub layer covers 409 of the area. The uni-
form distribution of shrub stems forms a fairly eon-
tinuous layer. In one stand Gaylussacia baccata and
Vacciniuwm vacillans are most important, whereas, in
the other Kalmia latifolic and Rhododendron nudi-
florum predominate. OQther shrubs of importance in-
clude Vaceinium angustifolium and Kalmiaz angusti-
folia. Qf the 12 shrubs present 7 are erieads which
furnish over 909 of the cover in this layer.

The herb layer is extremely sparse, the total cover
in this layer being less than 10%. Of the 17 species
present in the herb layer only two, Aralia nudicaulis
and the sub-shrub Guaultheria procumbens, were esti- -
mated as contributing more than 1% eover. Others
oceasionally present are Carexr pensylvanica, Pleri-
diwm aquilinum and Melampyrum lineare. Mlosses
contribute approximately 2% cover. The principal
species, Polytrichum ohipense and Leucobryum glau-
cum frequently occur between exposed rocks where
the leaf litter is relatively thin or absent. _

This =xeric phase extends onto the ridge tops
wherever the soil is very rocky. Here the trees are
smaller with low gnarled hranches. They frequently
oceur in clumps of 3-6 from a single root system.
In addition fo the characteristic ericaceous shrub lay-
er, clumps of scrub ozk oceupy the openings in the
tree canopy.

On the ridge top where considerable drift has heen
deposited in the depressions (7) and over most of the
undulating topography of the High Falls (8, 9)
where the soil is relatively deep, oaks such as white,
red, and black are associated with the chestnut
oak.

On these more favorable sites chestnut oak contrib-
utes ahout 43% cover while its associates contribute
24¢;,. The trees fall primarily into the 1-3.9 in. and
4-9.9 in. size classes except on the High Falls where
the 10 in. or over size class is of equal or greater
importance. The larger trees on the ridge are 8-9 in.
d. b. h. and 60-70 years of age while those on the
High Falls are 15-16 in. d. b. h. and 110 years old.
The average height of the forest is 45 ft. on the
ridge and 65 ft. in the High Falls stands.

A distinet understory of red maple and oak trans-
gressives contributes the greatest cover in the under-
story although sassafras, hickory, and juneberry are
also present. All species appear to be reproducing
themselves, yet most of the reproduction is of sprout
origin, Chestnut sprouts are common. Many hickory
saplings exhibit inferior growth due to the dying
back of the terminal buds. Many of the larger
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Fig. 14, Shrub cover and fréquency for forest com-
munities. For explanation see legend for figure 13.

"Rhododendron roseum is present in chestnut c¢ak com-

munity but it was not recorded in the transect data.

chestnut oaks are not healthy, and in fact dead trees
are occasionally found throughout the stand.

The shrub layer is more or less continuous, but
considerable variation oceurs among the dominants in
the different stands. The total cover contributed by
the shrubs in approximately 56%. On the ridge,
Vaccinium angustifolium and Gaylussacia baccala
contribute over 809 of the shrub cover, whereas
on the High Falls the latter, and Vaccinium vacillans
oceupy. over 75% of the area. Other shrubs repre-
sented ineluded Rhododendron nudifiorum, Vacei-
nium stamineum and Kalmia angustifolium. As in the
previous stands, erieads contribute over 90% to the
shrub cover.

The herbaceous layer is sporadically developed. A,
total of 29 herbs oceupy less than 7% of the area.

 Aralia wudicaulis, Carex pensylvanica, Pteridium

aquilinum are the only species representing over 1%
cover. Those present in all stands are Aralic nudi-
caulis, Uvularia sessilifolia, Lysimachia quadnfoha,
and Hypoxis hirsuta.

The mosses are restrieted to rocky outcrops and
the bases of tree trunks. Between the rock outerops
Polytrichum ohioenge, Leucobryum glaucum and Da-
eranum Scoparium are most important. Thelia as-
prella, Leucobryum glaucum and oceasionally Rhodo-
bryum roseum cover the hases of iree trunks, espes
cially those of white oak.

On the lower slopes of the conglomerate where tha
sofls are more continuong, red oak and hickory are
associates with the chestnut oak (10). Together
these species with the chestnut oak contribute 809
of the total tree cover. Other associates of minor im.
portance are red maple, black oak, sweet birch, black
cherry, butternut (Juglans cineree) and red ash
(Frazinus pensylvanica). On these better sites the

[T

ories frequently are somewhat decayed at the bage
and the tops are often broken. The average height of
the forest is 60 ft. as compared to 50 ft. further up
the slope.

The understory is similar to the poorer stands ex-
cept for the pronounced inerease in hickory trans-
gressives and the presence of flowering dogwood
{Cornus florida) and striped maple. Hickory, chest-
nut oak, and red maple are reproducing themselves,
with hickory most abundant. Saplings of ash and
sweet hirch are present. Sprouts of sassafras and
chestnut are common. Red oak is absent in the seed-
ling class- but present in all other size classes
Hickory and chestnut oak are the only speeies in all
size classes, .

The shrub layer covers 50% of the area. Of the
12 shrubs present®Cornus rugosa contributes 629 of
the cover. Others of less importance are Corylus
cornuta, Vaccindum vacillans, V. stamineum, Cornus
alternifolia, and species of Rubus. Two vines, Par-
thenocissus gquinguefolia and Vitis aestivalis, contrib-
ute 9% and 49 cover respectively. '

The herbaceous layer covers only 129 of the area.
Of the 30 species represented not one contributes over
19 cover. Collinsonta canadensis, Solidago caesia,
Desmodium mnudiflerum, and Swmilacine racemosa
contribute a total of 39 cover. Other herbs, in order
of deereasing importance, include Amphicarpa brac-
teata, Uvularia perfoliata and Galium lanceolatum.

In considering the three aspects of this community,
chestnut oak is the characteristic species and along
with it are varying amounts of red oak, white oak,

black oak, red maple, and hickory (Fig. 13). The

gshrub layer is typically ericaceous with Gaylussacia

baccata, Vaceinium angustifolium, and Vaccinium

vaeillans most common (Fig. 14). Those herbs which

contribute the greatest cover are Aralic nudicaulis

and Pteridium aguilinum (Fig, 15}, :
WarrE Oax-Hicrory COMMUNITY

The white oak-hickory community is characteristie
in the wide valley floors along Big Flat Brook, on
the moister npland sites of the High Falls Formation
{Fig. 16), and oceasionally in the later stages of old
field suceession. Two stands representing this com-
munity were studied in detail, one {No. 11} located
near Big Flat Brook in the southern portion of the
park, the other (No. 12) on a moist southeast facing
slope above Big Flat Breok (Fig. 1).

In both stands the soil is roeky. A thin mor humus
overlies a grayish-black A horizon which blends into
a yellow-brown layer, the B horizon. The scil pH
is approximately 5.

In this community, the forest consists of two. more
or less distinet tree layers, a shrub layer, and sparse
herb and moss layers (Fig. 13, 14, 15). In the tree
laver, white oak contributes about 329 and hickery
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Fig. 15. Herb cover and frequency for forest com-

munities. Length of bar represents ¢, dover contributed
by each species and the width of the bar represents the
frequeney of occurrence based on the total number of
herb quadrats in all stands sampled of gach community.
The (X) indicates that the species was present in the
community but not oeccurring in the quadrats. Space
represents the amount of unoccupied area in the her-
baceous layer.

about 15% of the fotal tree cover (Fig. 16). The
importance of hickory varies considerably throughout
the community. Other associates are black oak, red
maple and beech (Fagus grandifolia). Sugar maple
{dcer saccharum) and vyellow® birch frequently
border the streams where they flow through this
community. Sugar maple and white ash are most
abundant in the smaller 1-3.9 in. size 'class, whereas
white oak, hickory and blaek oak are 'most common
in the larger size classes, The trees are tall and
straight. There is no evidence of sprout origin. The
height and diameter of a few of the larger trees are
white oak, 26.7 in. d. b. h. {85 ft.}, hickery (Carya
glabra) 20.9 in. (80 ft.) and black oak 15.8 in. (74
ft.) {Stand 12). Chestnut, hickory, and white oak
logs are found on the forest floor in various stages
of decomposition (Stand 12). Red maple, juneberry,
dogwood, white ash, and young trees of the dominant
species comprise the understory, Nearer the streams
hornheam and hop hornbeam inerease in importance
(Stand 11). The dominant trees are reproducing
themselves. Both seedlings and saplings of sugar
maple, birch, and white ash are common (Stand 11).

"About 35 of the shrub layer is ocenpied by shrubs.
Corylus cornuta contributes an average of 249, of
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"F1g. 16. 'White cak-hickory community along road to
Life Camp in southern part of the park.

the cover, Hamamelis virginiana 17% of the eover
and Viburnum acerifolium 169:. A few others pres-
ent are listed in figure 14.

*In the herbaceous layer a very small amount, about
140 of the area, is occupied. Of the 54 spectes pres-
ent, none contributes more than 1% cover. Those
most frequently found include Uwularia perfoliata,
U. seszilifolia, Potentilla stmplex, Solidago caesia,
Aralia nudicaulis and Maianthemum canadense (Fig.
15).

The moss layer is poorly developed. On and be-
tween the rocks, Dicranum scoparium, Thuidium deli-
catulum and Polytrichum ohioense were estimated as
contributing a cover of 4%, ’

Mixep Qar-Harpwoops COMMUNITY

The broad sloping valleys between the ridges and
hills are oecupied by the mixed oak-hardwoods com-
munity (Fig. 1). A stand studied in defail represent-
ing this community is located above Saw Mill Pond
on a gentle east facing slope (Fig. 1, Stand 13). The

“ goil there is relatively rocky with an organie layer of

1-3 em. This organic layer appears to be rapidly in-
corporated into the underlying soil. Moist spots are
commort, whose degree of mesophytism is dependent
to some degree upon the drainage from the upper
slopes.
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The forest consists of two distinet tree layers,
a shrub layer and sparse herb and moss layers. It
is often difficult to designate a single dominant singe
many tree speeies contribute significantly to the
canopy. Those represented contribute the follow-
ing eover: white oak 219, red oak 229%, white ash
17%, sugar maple 129 and red maple 9¢. Other
trees interspersed among these are shaghark hickory
(Carya ovata), chestrut oak, scarlet oak, black gum
and beech. Juneherry and young trees of the main
canopy comaprise the understory. The tree layer is
. continuous, with no gaps in the eanopy (Fig. 13).
The larger trees are 14-16 in. d. b, h. and attain a
height of 65 ft. The dominant t{rees are reproducing
themselves. The white and red oak, while most im-
portant in the tree layer, are less successful in the
reproductive stages. Red maple, sugar maple and
white ash are reproducing prolifically.
The sparsely developed shrub layer contributes
a total of only 249 cover. Among those represented,
Corylus cornuta contributes 42% of the cover, Ha-
mamelis virginiana 35%, and Viburnum acerifolium
169%. Others of less importance are listed in figure
14, .
In the herb layer, 38 species contribute 139 cover
{Fig. 15). Those contributing most to the cover are
Adiantum pedatum with 39 and Mitchella repens
with 1%. Others commonly present are listed in
figure 15. Mosses cover only 1% of the area. They
occur on the moist exposed soil and between the
outeropping rocks. Thuidium delicatulum and Poly-
trichum ohioense are most eommon.

NortHERN HarivwooDs COMMUNITIES

XORTHERN HARDWOODS WITHCUT HEMLOCK

The northern hardwoods community without hem-
lock i3 very restricted in its distribution in the park
(Fig. 1.} The best stand is located in a narrow rocky
velley in the southern portion of the park (Stand 16,
Fig. 17). The ground consists mostly of rounded
boulders which are often covered with an organic
layer. In places on the valley floor, the boulders are
exposed, since the organic material is frequently
washed away by spring flood waters. Where not
subjected to such flooding, the humus layer is 2-3

Fra. 17. Northern hardwoods without hemlock.
Forest floor densely eovered with sugar maple sapiings.
(Stand 16.)

em in thickness eovering the rocky surface. Where
soil is present among the rocks, it consists of a fine
light yellow-brown clay loam with 2 pH of about 5.0.

The forest is composed of two distinet tree layers
and sparse shrub and herb layers. The tree canopy
is nearly complete with very few openings. Most of
the trees are tall and straight. In the upper story
are sugar maple and its assoeiates—hasswood, red
oak, beech, yellow bireh, white oak and sweet birch
(Fig. 13). Locally beech and sugar maple are most
important. Large sporadie white pine towering above
the other trees are sometimes present. Chestnut was
formerly an important element as indicated by the
huge logs on the forest floor. Yellow birch is re-
strieted primarily to the stream margins. The domi-
nant trees vary from 75 to 94 ft. in height; for ex-
ample one sugar maple 29 in, d.b.h. measured 94 ft.,
& basswood 12.4 in. 73 ft.; and a white ash 194 in.,
75 ft. Hornbeam and hop hornbeam with young
sugar maples constitnte a sub-eanopy layer. The
trees differ in their reproductive potential. Sugar
maple is abundantly reproducing itself (Fig. 17).
Small plants 1-2 ft. in height are most common, a
total of 784 such individuals were recorded in 400
sq. meters. Yellow birch seedlings are abundant, but
saplings are absent. Basswood reproduction is rela-
tively sparse, and beech is reproducing chiefly by
root sprouts. White ash reproduction is important
in hoth seedling and sapling stages.

The shrub layer is sparse, oceupying only 14% of
the total area (Fig. 14). To this 14% cover, Lindera
benzoin coniributes 469,. The other 5 species in
order of decreasing importance are Hamamelis vir-
giniana with 249, of the cover, Viburnum acerifolium

- with 18%, Parthenocissus quinquefolia with 7%,
Rhus radicans with 3%, and Corylus cornuta with

20, .

The herbaceous layer is also sparsely developed,
only 9% of the area being occupied. The two most
important species are Ariseema sp. with 3% cover
and Symplocarpus foetidus with 19,. Of the thirty-
five others that oeenr, those most frequently present
are listed in figure 15. Those present hut not re-

corded in the quadrats are Allium tricoccum, Adian-.

tum pedatum, Osmunda cinnamomea, Q. claytoniana
and Dryopteris noveboracensis.

* The moss layer covers 2% of the area. Those most
‘common on the rocks are Thuidium delicatulum, Di-
;c-mmlm fulvum and Grimmia apocarpa.

1

NORTHERN HARDWOODS WITH HEMLOCK

~ The northern hardwoods community with hemloek
present is also restricted in its distribution, It ce-
cupies steep bouldery ravines (Stand 17) and low is-
Jands between streams (Stand 18). One stand stud-
ied in detail is located in the northwestern part of

v the park and another is situated 34 mi. south of Saw

Miil Pond.
! The soil of the two sifes varies considerably. On

. the steep, roeky, ravines, it consists chiefly of organic

material which aceumulates between the boulders.
However, some of the accumulating hnmus is eon-
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stantly removed by flood waters in the narrow ravines
and by erosion on the steep slopes. . -

An exception to this ocenrs just outside the park,
east of Lake Marcia, There a stang lies at the base
of the southeast escarpment on a north facing slope,
where the conglomerate gives way to the underlying
shale. At this point a stream has cut a deep ravine.
The soil in this hemlock stand is derived from the
shale and is relatively free of rocks. Where the com-
munity occurs on islands between streams, the soil is
a rocky clay loam with a podzol profile. An organie
layer overlies an ash gray A horizon (pH 4.2) helow
which is a yellow-brown B horizen (pH 4.8).

In the rocky ravines, hemlock and yellow birch
are the important speecies, contributing 57¢% of the
total cover of the forest canopy (Stand 17). Other
main canopy associates in order of dominance are
sweet bireh, white ash, red maple, sugar maple, hass-
wood, tulip tree, and white pine (Fig. 13). Hemlock
Is more important on the island sites and on the

- shale slope (Fig. 20). Here, along with the above

associates, white oak, chestnut oak, and black gum
may be present. The larger trees vary from 12 fo
325 in. d. b. h. The larger hemlocks are 80-100
years old. The average height of the forest is 70
ft. An understory tree layer is poorly developed,
with striped maple, hop hornbeam and transgres-
sives of the dominant species contributing the most.
All trees are reprodueing, although oak is least suec-
cessful. Hemlock and bireh seedlings are most abun-
dant. Ocecasionally hemlock seedlings are so abun-
dant on the forest floor that they produce a green
tinge. The seedlings of birch and hemlock oeceur
chiefly on hemlock litter and on rotten logs. There
is some evidence that this community may in fime
oceupy & greater area, sinee in at least three stands,
hemlock saplings are present not only within the
stand, but also in the surrounding chestnut oak
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forest, as well as in abandoned fields and former
pasture land.

The shrub layer of this community is relatively
open, shrubs occupying not more than 259 of the
area, wsually less, Those shrubs which most fre-
quently occur are Hamamelis virginiana and Vibur-
num acerifolium (Fig. 14). Rhkododendron mazimun
is only loeally important,

Herbs are sporadic occupying about 6% of the
ares. Those which are found most frequently in-
clude dster divaricatus, Maianthemwm canadense,
Trientalis borealis and Mitehella repens (Fig. 15).
Lycopodium lucidulum was present but it was not
found in the quadrats. '

Mosses cover 9% of the area in the moss layer,
the rest being either litter or bare rock. Those
present are Hylocomiwm splendens, Dicranum sco-
pariwm, Climacium americanum, Mnium affine, M.
punctatum, and Trichocolea tomentella, In the
stream flowing throngh one hemlock stand (17), are
mats of Eurhynchinvm rusciforme and Sematophyllum
earolintanum covering the rock surfaces.

POLLEN ANALYSIS

In general, the pollen record reveals an initial
spruce-pine-fir-cak forest suceeeded by a period of
spruce-pine-fir and then a brief period of pine domi-
nance. This was followed by a deciduous complex in
which oak . predominated. During the latter, two
periods of hemlock maxima were separated by an in-
tervening hickory maximum.

Although the two bogs show the same general
trends, they do not correlate in the lower levels
(Fig. 18, 19). Some of the records revealed in the
bottom levels of the Pine Bog profile are absent in
the profile obtained from Cedar Bog. What is espe-
ciallv conspienous in the Cedar Bog profile, is the
shortness of the spruce and fir record compared with
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face where it represents 10% of the totalitree pollen.
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Fie. 19. Pine Bog pollen spectrum. Length of the bar represents % of total tree pollen.
represents 79y, at the surface(s) and 469, at 40 ft. level.

that of Pine Bog. In Cedar Bog, the 20 ft. level is
comparable to the 33 ft. level in Pine Bog. The rec-
ord found in the bottom 7 ft. from Pine Bog is ab-
gent from the Cedar Bog profile. Failure to find the
deepest part of Cedar Bog may he the explanation
for the incomplete profile there (Potzger & Wilson
1944), Although samples were obtained to a depth
of 30 ft. in Cedar Bog, those from 21-30 ft. were

sterile, except for a few pine and spruce pollen’

grains at sbout the 25 ft. level.

In the bottom levels (37-40 ft.) of Pine Bog,
spruce, fir, pine and deciduous speeies oceur. This
is followed by a spruee maximum in which the de-
ciduons element is practieally abgent. A pine period,
which has been often shown to be very pronounced
in eastern North Ameriea (Potzger & Otto 1943;
Deevey 1939, 1943), if represented in these profiles
was of short duration being recorded only in the
32 ft. level in Pine Bog and the 19 ff. level in Cedar
Bog. This is succeeded by a long oak-hemlock-pine
and mixed broadleaved period during whichk two
hemlock maxima occurred. The first of these maxima
(around the 15 ft. and 11 ft. level) is acecompanied
by a deerease in pine and oak. Between them, there
oceurred a period in which there was a decrease
in hemlock and an unmistakable increase in hickory.
The seecond hemlock maximum (5 ft. and 2 ft.)- is
accompanied by an increase in chestnut and spruce,

For example, Pinus
No pollen was found in the 39 ft. sample.

and the reappearance of fir. Beech increased also
‘during the hemlock maxima. Surface samples of
‘Pine Bog, which presumably reflect the present day
icondit.ons, show oak and birch to be most important
‘with a slight decline in pine and a rise in hemlock.
‘In eontrast, oak is mueh less important in Cedar
‘Bog, where it is secompanied by an increase in
hemlock, birch, maple and pine along with appear-
ance of Nyssa and Chamaecyparis.

Small quantities of non-free pollen were found "

throughout the profile. In the 1-4 fi. levels of Pine
Bog, Compositae, especially Ambrosia, represents up
to 209% and in the lower levels sedges and grasses
were present. In the top levels of Cedar Bog,
Chenopodium and Rumex oceur.

DISCUSSION

: That climate controls vegetation has long been
recognized, the major vegetational patterns being de-
termined by the regional climates (Tansley 1949;
Weaver & Clements 1938). Within any region, one
encounters plant communities whose presence and
distribution are determined by loeal climate and eda-
phie conditions, as for example & ravine compared
with an exposed ridge, or a site with a thin soil
mantle over rock compared with a deep fertile soil.
Tt is evident, therefore, that superimposed upon the
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pervading influence of the regional climate are hoth
physiographie and edaphic conditions which locally
influence the vegetational pattern. [Hence, in any
regional vegetational pattern, there will be a matrix
of vegetation in which the regional elimate appears to
have the principal contrel, but within which pro-
nounced local variations oceur. The whole pattern is
subject to change as changes in the regional climate
ocenr.

PasT VEGETATION

One might expeet, ss Transeau (1903) did, that
tundra vegetation first oceupied the avea after the
ice melted. However, no evidenee for such was
found, although Deevey (1851) reports pollen evi-
dence of tundra vegetation be‘ng found in Maine and
possibly in Connecticut bogs. The bedginning of the
record in Pine Bog shows the presenge of deciduous
species accompanied by pine and a low; representation
of spruce. This suggests a period of moderate eli-
mate at the start of the record. Sinée the avea lies
within the Cary moraine and about 100 mi. south
of the Mankato moraine (P. MacClinthek, personal
communieation) it suggests that considerable climatic
amelioration oceurred following the Cary. This was
followed by a disappearance of the deciduous forest
species and a spruce dominance which may he cor-
related with the readvance of the Mankato substage,
Deever (1939, 1943) found a similar fluctuation in
Conneeticut which he correlated with recession and
advance of Early and Late Mankato supstages. How-
ever, from recent studies in Maine, Dee\lrey (1951) sug-
gests a different interpretation. In these studies he
considered the rise in spruee as recording the actual
invasion of spruee into the region, but helow the
spruce  maximum he econsiders the tree peollen
wind-horne from a distanee. However, this does not
seem to be a likely interpretation at High Point State
Park since there is a paucity of non-tree pollen.

Pine becowmes important early‘in the profile, as
compared with the vegetational sequences illustrated
hy profiles in the midwest; a2 phenomenon that may
he the result of climate under move maritime eondi-
tions (Potzger & Otto 1943). Climatically the
spruce-pine-fir period was conl and moist. The suhse-
quent brief perind of pine dominance suggests drier
conditions {Scars 1948). It is of muech shorter du-
ration than the pine peried recorded hy most hogs
studied in the Northeast: in New Jersey {Potzger &
Otto 1943}, in Connecticut {Deevey 1939, 1943, 1951)
and in New Hampshire (Krauss & Kent 1944). How-
ever, it is comparable with Deevey’s Linslev Pond
{T.-9 and L-10) profiles. Radiocarhon studies show
the time of attainment of the pine period in North
America to vary roughly with latitude. In West
Virgin‘a it was attained about 9,000 vears ago, in
Connecticut 8,000 and in Maine 6,000 vears (Flint
& Deevey 1951). Since these bogs are located rela-
tively near Connectieut the pine period probably
occurred around 8,000 years ago in northern New
Jersev. )

Following the pine period deciduous species, espe-
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cially oak, rapidly became important and have per-
s'sted unlil the present. This change is suggestive
of a warmer climate. Associated with these deeidu-
ous trees there appeared the hemloek. Its history
is accented by two periods of greater importance.
These two periods may be interpreted as times of in-
creased mo’'sture (Potter 1947). This interpretation
is further strengthened by a correlated decrease in
hickory at the hemlock maxima. Between the hemloek
maxima a rise in hickory is indicative of drier and
possibly warmer conditions, This level probably
‘marks what has been known as the last xerothermic
period which had widespread effects npon eastern
North Ameriea (Sears 1042; Raup 1937; Transeau
1935; Gleason 1923). From samples obtained in
Connecticut the date of the hickory maximum has
been tentatively set by the radiocarbon method at
about 1800 =% 500 years age (Flint & Deevey 1951}.
The second hemloek maximum was aceompanied by
an inerease in chesthut and a deeline in hickory which
together indicate a refurn to more mesie conditions.
Evidence for sueh a shift is strengthened by the reap-
pearance of spruce and fir.

And indieation of the historieal period is suggested
toward the top of the profiles. In Pine Bog the loeal
influence of a developing bog forest may to some ex-
tent mask the true picture of upland conditions. It
is possible that the increase in pine near the top
may be evidence of such an influence. The appella-
tion Pine Swamp along with the presence of white
pine and dead snags in the bog today would suggest
that pine was probably more important in recent
time than at present. The pronounced rise in hirch
aceompanied by a decline in hemlock suggests the
temporary dominance of gray birch as a result of
fires and man’s aetivity.

The surface levels of Pine Bog reflect the present
upland vegetation dominated by oak and other decidu-
ous species. Hemlock has inereased slightly, hut its
still restrieted distribution in the most mesie sites is
reflected in the surface layers. In eontrast in Cedar
Bog, the upland forest is partly masked by the mature
hog forest covering much of the bog today. This is
shown by the inerease in hemlock, bireh, and maple
along with the appearance of gum and cedar.

Ay interesting eorrelation results when Pine Bog
is interpreted in terms of Sears (1948} suggested
correlation hetween northeastern pollen profiles and
clinatie fluctuations since early Wisconsin time. The
substage advanees may be correlated with an increase
in hemlock or spruce, and retreats with a rise in pine,
or oak and hickory, eoncurrent with a decrease in
hemloek or spruce. Beginning at the top of the
profile, the low percentage of hemlock and higher
percentage of oak may reflect the retreat of the Al-
pine-Alaskan, althongh the historical period with
man’s influence may be equally or more important.
The increased importance of hemlock between the
3-9 fi. levels may he correlated with the Alpine-
Alaskan advance, The retreat of the Cochrane is
suggested at the hemlock minimum and hickory maxi-
mum (10-11); and its advanee may be correlated
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with the preceding rise in hemlock, reaching a maxi-
mum at the 15 ft. level. The previons decline in
hemlock is suggestive of the Agassiz-Campbell retreat,
and it is preceded by a slight increase which may be
correlative with the advance of Agassiz-Campbhell,
The brief pine period may be correlated with the
retreat of the Mankato. :

The Mankato advance is suggested by the spruce
maximum. The bottom sediments represent the
period after the refreat of the Cary, which may
have been aceompanied by pronounced elimatie amel-
ioration indicated by the presence of oak. If these
correlations are valid then this pollen profile supports
AMacClintock’s helief that the bog has heen developed
on drvift of Cary age {MacClintoek, personal com-,
munication}. : '

PRESENT VEGETATION-HISTORY

With the arrival of man, new influences were sup-,
erimposed upon those previously controlling the vege-
tational pattern, Man's activities that affected vege-

tation were cutiing the forests, carelessness with fire .
and cultivating the land. These activities resulted -

generally in more xeric conditions and therefore a
retrogression in the vegetational development
(Nichols 1913a}. )

The initial anthropeie influence upon the region
began with the Indian, who depended mainly upon
fruits and animals for his existence. He is known

to have frequently set fires either aceidentally or .
purposely to facilitate hunting (Little 1948, Ver- '

meule, ef al 1900). Later as white man entered the
region he gradually ecleared the areas suitable for
agriculture. Later, industry grew up and this was
accompanied by inecreasingly intensive harvesting of
wood from the remaining forested areas. The de-
pendence of industry upon forest resources reached
its maximum during the widdle 1800’s. Large quan-
{ities of wood were required to supply iron furnaces
seattered throughout northern New Jersey. During
this period trees 20-25 years of age were cut and
utilized as chareoal. Muech wood was also used for
many other purposes such as railroad ties, hoop poles,
and domestic fuels. Around 1850 when anthracite
blast furnaces were introduced, the utilization of
forest resonrces began to decrease (Vermeule, et al
1500). However, by this time portiens of the ad-
jacent New Jersey Highlands were completely de-
nuded of forest vegetation. - Along with the inten-
sive cutting were severe forest fires. During the
special survey of forests from 1894-1899, Vermeule,
et al (1900} pointed out that pitch pine as well as
mixed coniferous and deciduous forests of the Kitta-
tinny Mountains suffered considerably. Although
a permanent organization to eontrol fires was estab-
lished as a result of this survey, frequent fires have
since plagued the region. Present residents reeall
severa] large fires in more recent time, one or more of
which burned over large areas along the major ridge
within the park. .

Today the effects of man’s activities are evident
evervwhere: in the prevalence of sprout growth typi-
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cal of cut-over oak woods, in the evidence of fires,
and in the secondary succession patterns from old
fields through gray bireh to as yet unstabilized forest.

VEGETATIONAL PATTERN

The dominant community is the chestnut cak with
its characteristic ericaceous shrub layer. It forms
a mwatrix in which all the other eommunities are
found (Fig. 1, 20). It is relatively stable on most
sites, but on some of the lower slopes it is yielding to
the northern hardwoods. Sinee the disappearance of
chestnut, natural replacement by oaks has followed.
In Stokes State Forest, Korstian & Stickel (1927)
noticed this trend.

The typical community of the rocky ridge top is
the piteh pine-scrub oak community (Fig. 20, 21).
Fires in the past have probably aided in perpetuating
this community hy stimulating sprout growth of
serub oak and furnishing favorable conditions for
pine reproduction (Luntz 1934; Conard 1935; Little
& Moore 1949). In fact, the vegetation resembles
that found in parts of the Pine Barrens of southern
New Jersey where frequent fives oceur. With the
exclusion of fire m the pitech pine-serub oak eom-
munity on the ridge top, the evidence indicates that
hoth pines and arborescent oaks have great diffieulty
becoming established, and that shrubs may eontinue
to dominate over considerable portions. Those pines
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© F1e. 20. Transect representing tree cover (Fig. 1,
Transect B). The distance of ecach line representing

‘the species above the topographiec profile indicates the
% of tree cover represented Ly the species at different
points along the transeet line. For example, on the
ridge top (0-50) piteh pine eontributes 88¢, of the total
tree cover and open space in the tree canopy is at its

greatest (7095}, Other species are present but alte- .

gether contribute only 12¢; of the cover and are omitted
here. Om the slopes, chesthut cak contributes 62¢7, cover,
reaching a maximum of 7l¢p (190), followed by an
abrupt decrease to 25, on the lower slope (360-4G0).
Chestnut oak on the lower glope is accompanied by ap-
roximately equal percentages of hickory and red oak.
gear]et oak i3 restrieted primarily to the upper slopes
{60-250). Numbers at the bottom refer to horizoutal
distance in meters and at xight, refer to altitude in feet
above mean sea level. Glacial drift overlying the geo-
logical formations is shown by stippled area with larger
dots. Talus slopes are represented by small angular
blocks. The Martinsburg shale is shown at right by
obligue lines.
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Fie. 21, Transect representing tree cover (Fig. 1,
Transect A). See Figure 20 for guide in interpretation.
Cedar Bog deposits are represented by parallel lines.
Break in line across Bog (210-360) indicates that only a
portion of bog was sampled. The letter (R) on either
side of the bog indieates location of read.

present are primarily in the open early stages of
primary sueccession. This eommunity will probably
coutinue to be represented as long as’ primary vege-
tational suecession is still in the process of covering
the bare rocky ledges, and as long as fires are allowed
to sweep across the ridge.

In contrast, the pine-oak eommunity as it occurs
today, on the deeper soils derived from glacial drift,
is an advanced suceessional stage apiproaching ocak
forest. Sporadic pines frequently tower above the
arborescent caks and the oaks are reprodueing pro-
lifically compared to the pine. Evidence of greater
importance of pine in the past is indi¢ated by rotten
pine logs on the forest floor, by® the oceurrence of
a podzol soil profile and by sporadic clumps of sernh
oak. Very similar to this are late successional stages
in the Pine Barrens of New Jersey (Buell & Cantlon
1950). In the absence of further pyue and anthro-
peic influences, the pine will form only a small part
of the stands if present at all (Little &{Moore 1949).

The white oak-hickory community joeeurs on the
valley floors or in more mesie upland sites (Fig. 21,
22, 23}." The presence of chestnut logs in some stands
indicates that where hickory is presemt today hoth
species, along with white oak once shared dominance.
At present this community shows a sueeessional trend
toward the northern hardwoods. There is an inereas-
ing importance of the northern hardwcods in the
smaller size classes. The mixed oak-hardwoods com-
munity in the same way is yielding to the northern
hardwoods. The established northern hardwoods are
at their maximum development in deap narrow val-
leys (Fig. 20, 23). Further aggressﬁeness by the
more mesic species is evidenced by the young hem-
lock which is in' the adjaeent chestnut olak community.

A R R R e,

- oak forest.
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Where land has been cultivated at some time in
the recent past, gray bireh is now common. Raup
(1937) found the same situation in the Black Roek
Forest of New York. Red cedar also occurs, but is
not abundant. It is primarily restricted to the shale.
In southern New England, Lutz (1928) and Raup
{1940) describe both red cedar and gray birch in
secondary succeession. Bard (1952) found red cedar
abundant and little gray birch on the Triassic shales
of the Piedmont of New Jersey. The birch and cedar,
which are relatively short lived, are replaced by an

Since the recession of the ice sheet, primary suwe-’
cession has been continuously oeeurring on the secoured
ledges of the ridge and in the glacial lakes. In faet,
there is still bare rock to be covered and water to he
filled in with vegetation. The earlier successional pat-
terns were probably not unlike those operative today. .
The species concerned may well have been different;
but the earlier the stage in the suecession, presumably
the more nearly the present vegetation resembles that
of early post-glacial time. Plants that suggest this
are lichens, mosses, and certain flowering plants such
as Deschampsia flexuosa and Potentilla tridentata,

The process of primary stecession is mueh the same
for all rock surfaces although the ultimate vegetation
which becomes established depends upon the ex-
posure. On the ridge tops it leads to piteh pine-
serub oak or possibly to chestnut oak. In contrast,
on the northwest slopes are northern speeies such
as white pine, white bireh, sweet birch, mountain
ash, striped maple, and mountain maple associated
with chestnut oak.

The early stages of hog suceession at High Point,
as in the rock suceession, reflect the early horeal en-
vironment shown to have existed in the area by the
pollen reeord. For example, species such as Andro-
meda glaucophylla, black spruce, tamarack and asso-
ciated vegetation appear as reliets around which more
southern species have hecome established as Transean
(1903) long ago pointed out. He believed that the
presence of either a coniferous bog or broadleaved
swamp vegetation depends upon the period in post-
glaeial time when a suitable habitat heecame available.
Although both cccupy the same kind of habitat to-
day, the coniferous bog has been gradually losing
out. Only where the conifer vegetation has heen
reasonahly undisturbed has it persisted. Elsewhere,
the swamp hardwoods have replaced it, and even
without disturbance the sueeession appears to lead to
a swamp hardwood forest with hemlock.

The oceurrenee of southern white cedar in Cedar
Bog is of particular interest. Its invasion into the
ares may have oeeurred during the last xerothermie
period or hickory maximum. Several investigafors
have found evidence to indicate that cedar may have
heen more important in the recent past (Bartlett
1909; Nichols 1913b; Raup 1937; Heusser 1949).
Today it is deereasing and will ultimately give way
to the more shade tolerant hemlock and red maple
(Little 1950). The broadleaved swamp forest of
more recent origin is relatively stable, with little
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evidence of change exeept where aceumulation of soil
‘has resulted in more mesic conditions. It is interest-
ing to note that reliet species whose range is more
continuous either further north or south are found
in hoth xerarch and hydrarch primary suceessions,
which offer less competition than other habitats.
Today the mosaie of vegetation in High Point State
Park 1s composed of plant communities some of
which are relatively siable, while others show succes-

sional tendeneies. In reeent time the activities of man _

have changed the forest from one which was more
mesie, having a larger representation of northern
bardwoods, to the more xeric types of today. The
Borthern hardwoods are very restrieted in their dis-
fribution; however they are expanding into the sur-
rounding ocak communities, a trend noted by Ramp
i the Black Rock Forest (Raup 1938). With pro-
teetion rather than destruction more mesie conditions
will develop, although the physiography and soils
will always exert pronounced influences limiting the
possible extent of mesophytic development.

SUMMARY

‘1. The post-glacial history of High Point State
Park vreveals an initial spruce-pine-fir-oak forest
steceeded by a period of spruce-pine-fir and then a
brief period of pine dominance. Finally there was a
prolonged deciduons complex in which oak predomi-
nated. During the latter, two periods of hemlock
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maximum with an intervening hlekory maximum

mie, with & return to mesic conditions,

2. Toda.y a chestnut oak eommumty with an asso-
ciated erieaceous shrub layer is the eontinuouns ele-
ment of vegetation within the park. In other words,
it forms a matrix in Whl(fh oeenr all other com-
munities. -

3. The dispersed communities Wlthm tlus matrix
and their typical sites are: the piteh pme—scrub oak
on the rocky conglomerate ridge topsP the pine-oak
on hills of the High Falls; the white oak-hickory on
many of the wvalley ﬂoors, and some| of the moist
uplands; the mixed oak-hardwoods on the slopes of
broad valleys between the hills; the northem hard-
woods in the narrower valleys and deeper ravines;
and of course, early successional stagds of both pri-
mary and seeondaly sueeession,

4. Early stages of primary xerarch’ and hydrarch
succession, initiated upon the disappearance of the
Pleistocene ice, ave continuing now, probably much
the same as at their start. This is indicated by the
part played by several boreal species.

5. The presence of certain disjunet southern c,pe-
cies such as Chamaecyparis thyoides sugcvests 1e11cts
of the xerothermic period.

6. Primary hydrarch succession leads to a swamp
hardwoods forest with hemlock. Disturbance has
hastened the replacement of the northern conifers by
this forest, !

7. In secondary succession gray blrch plays a dom-
inant role. Red ‘eedar, so 1mportant in southern
New England and further south in New Jersey, is of
minor importance. Andropogon spedes are unim-
portant exeept on the eastern frings of the park
where the shale outerops.

8. The present vegetational pattern is a result of
man’s activities superimposed upon climatie, edaphie,
and physiographie conditions. On most sites where
they oceur the chestnut oak, pitch pine-serub oak,
swamp hardwoods and northern hardwoods commu-
nities are relatively stable. The pine-oak, white oak-
hickory, mixed oak-hardwoods commumtles show evi-
dence of change. In the more xeric ecommunities oak
is replacing pine and in the more mesic communities
the northern hardwoods are replacing the oaks and
their associates,
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