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Abntract

suand composition and structure utilizing stem analysis was studied in two hardwood stands in Vermont. In a mixed hardwood
«and with some white pine and hemlock, a major entry of new trees in the main canopy seems associated with harvesting
comcident with land exchange. More recent partial cuttings have promoted establishment of new seedlings or development of
wppressed advanced-growth shade-tolerant beech, (Fagus grandifolia, Ehrh.), hophornbeam (Ostrya virginiana, (Mill) K.
v« I, and striped maple (Acer pensylvanicum, L.). Very few sugar maple and red oak seedlings and saplings are present.

In a northern hardwood stand some red spruce (Picea rubens, Sarg.), that were 240 to 306 years old, became established
pefore any known harvest, and exhibited release following harvests of the mid-1800s. This major harvest, coupled with the
&fferential growth between spruce and hardwoods, and seed/seedling availability, resulted in a major change in stand
composition. Trees now in the main canopy of sampled stands appear to have either been released or newly established
silowing various harvests. Harvests have been of such frequency that natural disturbances seem insignificant. Many of the
sunpetitive understory species have become abundant following harvests of the 1960s and 1980s and may have been present
» advanced growth and responded to the release. Following the harvest of 1981-1982, abundant yellow birch became
established on skid trails. Elsewhere in the stand, yellow birch seedlings and saplings are only in great abundance in areas that
were possibly sizable gaps following earlier harvesting.

The dynamics of tree entry and growth in gaps of small or large size probably occur in a similar way in many other stands of
e region. Though the sampling of this study is limited, there is no suggestion of continuous tree establishment at any
parieular location, the new age classes seem associated with either a gap or stand replacing disturbance attributed to
arvesting. €0 1999 Elsevier Science B.V. All rights reserved.

Lewords: Stand dynamics: Northern hardwoods; Tree height growth

1. Introduction peans. The agricultural era of the 1800s, and extending
into this century, resulted in extensive clearing of

Forests of the northeastern United States have forest lands for farming. Vermont was only about 25%
-=ulured much disturbance since the arrival of Euro- forested at the peak of this period. As a result of past
o land use, much of Vermont's forests are comprised
“lel +1-802-656-0682: fax: +1-802-656-8683; e-mail: - primarily of second-growth stands re-established on
hunna@ nature. snr.uvm.edu abandoned pasture or cultivated land. Although
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original stands were not entirely removed, most have
been modified by various intensities of harvest. Since
the natural reforestation following the agricultural era,
many of the second-growth stands have had multiple
entries for partial harvests. The array of forest stands
now on the landscape present a wide variety of age-
class structures and species compositions.

An understanding of stand structures and how they
develop is essential in devising silvicultural practices
that are ecologically compatible with our developing
concepts of ecosystem management and maintenance
of biological diversity. Much is known about the
ecology of the individual species comprising the
hardwood forests of the northeast. We know that
forests returned following the major disturbance of
farming, but there is sketchy information on how
stands of varying structures developed over time. In
forest stands that were harvested but never completely
removed, there is likewise limited information on the
dynamics of how the new structures developed to their
present state. Watt (1947), was among the first to
examine and hypothesize how forests and other
plant communities may develop. Watt’s introduction
of the concept of ‘gap phase’ in stand development
has led to decades of investigating this phenomenon
in the study of stand dynamics in forests throughout
the world. Oliver and Larson (1996) review much
of the more recent literature on forest stand
dynamics.

Most studies of forest stand structure and develop-
ment in the northeast have focused on changes in
composition over time, (e.g. see Leak, 1987; Fain et
al., 1994), and the effect of gap size on resulting
composition (e.g. see McClure and Lee, 1993). Many
stand-dynamics studies are based on detailed
measures taken during a short time interval, incorpor-
ating knowledge of stand history and disturbances.
Few studies are based on repeat measures in the same
area over a long period (e.g. see Stephens and Ward,
1992). Changes in species composition over time
usually show a trend toward domination by late
successional species until a major large gap or stand
replacement disturbance occurs to potentially initiate
an earlier stage. The struggle among trees over time
for a position in the main canopy is not revealed in
most of these studies. In a recent study of stand
development, primarily by analysis of age/size
classes in the relatively undisturbed Bowl area of

New Hampshire. Genoorys 1 1996) postulates that Iate
succession specias primmrily red spruce (Piceq
rubens) and Ame-cun heech (Fagus grandifo‘l,‘a‘
Ehrh.), in northern murdwe: >d-spruce—fir forests may
alternate in domimmce md yellow birch (Betulg
alleghaniensis. Briz» may e sparse if no major gaps
occur.

The use of stem muivsis methods can demonstrage
the constant compeston Hmong survivor treeg for
position in the mzx canopw and the change in stapg
structure over me In : sudy in the northeastery
United States. Oliv= « 19710, while combining stemy
analysis techniques s suad history, demonstrated
the compettve ab™rv of zorthern red oak (Quercys
rubra L.) in associzen %= red maple (Acer rubrum
L.) and black birck Serir fenta L). He found that
oak, often a subordmae = Ze early stages of an even-
aged stand. invariah eerred as a dominant tree in
the canopy after cz 3} vams.

Stem analvsis hzs zct Sen widely used to study
competitive dvBamms xmwmg species in northem
hardwood stands. Tirs sait employed detailed stem
sectioning of trees i Zeter=ime height growth patterns
in second-growth narfierz Jardwood stands as they’
progress toward the mnure sage. Use of stem analysis
methods should demrsrze how northern hardwood
stands dominated ™ Axenyan beech, yellow birch
and sugar maple i1 saowtarum, Marsh), develop
following reinvasion ot aixardoned farmland, or fol-
lowing partial comme or Zear-cutting of original
forests, or mamrins =coed-rowth forests.

Thypothesize thz smee V=mnont was judged at only
ca. 20% foresad = 2 -1 #00s, virtually all stands
seen today are secoms = and have been repeat-
edly entered “or ~emu zz—at. These human distur-
bances along %= A% T revur naturally, usually as
small gap dism=hezos. % ~uc have a primary influ-
€nce on sunwITE ITTousition,  structure, and
growth rate. Mi:ox mamg= a1 composition, distribu-
tion of age clzsses == r—cn of a stratified canopy
structure shoz'd —Zimre s7ether the present stand
results from zz x sumd ~=iacing disturbances or
continued replics=ew ~v 22v or advance regenera-
tion as indiviéz:® === e Tny study, on two northern
hardwood stz=Cs. mzr—vrmme stem analysis, was
conducted to issess me —ence of human distur-
bances, prims="y Zz=s—: i stand composition
and developroe=t




26) Postulateg tudy area and history
red spny 3. S
(Fagus gar The two study sites are in northwestern Vermont

4r 44 307 latitude and 72°55' longitude. A mixed
nc.ahcm hardwood stand (Stand 1) dominated by
amf,,— maple. red maple (Acer rubrum, L.), northern
‘:‘1;.‘,“};, and American beech, and numerous unders-

v associates was studied at The University of
wry dN

g survivor vermont Research Forest in Jericho. This stand of
the Change ., Y ha (Sa) in area has apparently been in continuous
n the ng N Wland since settlement in the late 1700s. It was
lle comb; M:d as a farm woodlot with some cattle grazing until
1story, demyg; ?:;if '(Sh;mnon. 1950). The stand is at 700 feet
 red oak (@ .13 m) elevation on an outwash sandy loam soil over
maple (4 ,;msl bedrock near the eastern edge of the Champlain
1 L). He f, valley. Plot 1 is on a rocky, shallow-to-bedrock
ly stages of 3 x*”‘““‘" of the area on a hilltop and Plot 2 is on a
s a dominan wower slope near an abandoned road and reforested

’ ficlds.

idely used There is no known record of forest composition
pecies j “when the land was settled in 1790. In the surrounding
loyed detai arce beech, sugar maple, red maple, yellow birch,
ight growth patt atute buch (Betula papyrifera, Marsh.), white pine
‘ood stands (Prnus strobus. L), northern red oak, bigtooth aspen
Use of stemy. (Populus grandidentata, Michx.), wrembling aspen

iPopulus  tremuloides, Michx.), eastern hemlock
iTsuga canadensis, (L.) Carr.) and black cherry (Pru-
sus serotina, Ehrh.) are found. Pine timber was har-
vésted from the land prior to sale of the farm in 1851.
The furm was sold again in 1902.

In 1940. The University of Vermont acquired the

¢ was judged i60-acre farm and began establishing conifer planta-
virtually uons on the open fields. Following purchase, there is
have bee n record of harvesting activity in the study area until

{36 when an improvement cut was made removing
hophornbeam (Ostrya virginiana, (Mill) K. Koch) and
other poor quality hardwoods. Additional light har-
rexty were made in 1968-1969, and light selection
«uts i 1978 and in 1996.

The second stand is in Underhill, on the west
“ope of Mount Mansfield in the Green Mountains
et 450-500 m (1500-1700 feet) elevation. This
sotanmng stand is on fairly steep land and has
warently always been in forest cover but harvested
i least three times (Cogbill, 1996). Sugar maple,
relfow birch, and  American beech dominate in
he man canopy. Hobblebush (Viburum alnifolium
Mac-ho, striped maple (Acer pensylvanicum, L)),

1position, d
a stratified cany
the present st
g disturbances ¢
advance regengfis:
iy, on two no
em analysis,
of human dist
tand composif]
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and American beech dominate the understory, but
sugar maple and yellow birch are also present. The
silt loam soil at this site is derived from glacial till
and usually’ has a firm horizon within two feet of
the surface, resulting in saturated soil conditions
during early spring. This soil condition is typical of
much of the forested uplands of Vermont. Productivity
on these soils is good but can vary with location, being
greater on lower slopes and protected coves and on
sites with greater depth to the drainage-restricting
layer.

Records of harvesting up to the early 1900s suggest
the area was heavily cut. Lumbering evidently

began in the early 1800s. In 1838, open land was

purchased in Underhill and a mill was built by the
year 1840 (Cogbill, 1996). H.P, Hickok, a Burlington
lumberman, and partner M.L. Stevens established
the logging village of Stevensville with two saw-
mills in 1843 (Cogbill, 1996). In 1849, 300 MBF
were milled and in 1856 another 100 MBF/year

planned for harvest during four years (Cogbill,
1996). Cogbill defines 1836-1865 as the first -

major cutting period in the area. Most of the wood
cut in the area was evidently red spruce (Picea rubens,
Sarg.). Harvesting subsided after 1865 and stumps
were cleared on the lower slopes for farming. About
1897, harvesting in the area shifted to hardwoods
and even ‘sugar orchards’ were cut (Dwyer, 1976).
By the early 1900s, most of the area had been
heavily cut and farming expanded. Farming had long
been important in the area; in 1840, there were an
estimated 3400 sheep on mountainside pastures in
Underhill (Dwyer, 1976). After the logging, dairy
farming began and expanded until the 1930s and
1940s; thereafter, it began to decline. Today, there
is little dairy farming in the area. The Vermont
Department of Forests, Parks and Recreation
acquired much cutover forest land in this area near
the end of the lumbering era and established the
Mt. Mansfield State Forest, the first land acquired
in 1914 (Vermont State Forest Land Records). Other
parcels were obtained in later years. By 1934-35,
stands were recovering and an improvement and
spruce release cut was made, followed by a selection
cut in 1956 and another in some areas in 1966. In
1983-85 a combination of thinnings and shelterwood
cuts were made throughout the 200 acres, including

‘the sampled area.
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Fig. 1. Height growth of individual hardwood trees determined by stem analysis in a second-growth stand (Plot 1) on stony, sandy soil

(Adams-Lyman) in the Champlain Valley, Jericho, VT.

associated with harvesting disturbances. At Jericho,
some trees on Plot 1 entered the stand between 1860
1880. Another major establishment period occurred
between 1900 to 1930. On Plot 2, some sampled trees
became established in the early 1900s and another
cohort entered from 1920s to the 1940s (Figs. 1 and
2). These establishment periods closely coincide with
ownership changes suggesting that harvesting may
have occurred before or after each sale of the land,
and thus created openings for new trees to enter.

On Plot 2, at Jericho. the red oak and red maple that
established in the early 1900s show a pattern of
relatively unsuppressed height growth. Trees estab-
lished in the period between 1920s and 1940s show
patterns of both, suppression and response to release.
The yellow birch shows substantial response follow-

ing partial cutting in the late 1970s. Most of the trees
in this area probably established since ca. 1900, but a
white oak (Quercus alba, L.) on a fence line nearby is
aged from an increment core at 140 years, thus
establishing at ca. 1850, a time of land exchange.
This tree had barbed wire in it, possibly erected about
1900. Steepness of height growth curves on Plot 2
suggest trees are growing at a good rate (Fig. 2). This
plot is at the base of the slope facing east and on land
of higher site quality than Plot 1. The ANCOVA test of
growth rate indicates trees on Plot 2 are growing

* significantly faster (p < 0.05) in height than trees on

Plot 1.

Ages of most seedlings/saplings sampled in Plot 2,
and nearby, indicate they became established or
responded as advanced-growth seedlings following
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Fig. 3. Height growth of hardwoods and red sbruce determined by stem analysis for Plot 3 lower site on Mt. Mansfield, Underhill, VT,

Halfway House Lodge ca. 1850, showing large spruce
trees in the surrounding forest. A new house on the
same site, photographed in the 1920s or 1930s has a
hardwood stand behind it (Hagerman, 1975). Harvest-
ing in the area from about 1860-1900 evidently
resulted in conversion of the stand from spruce to
northern hardwoods as they now dominate the stand at
this elevation. There are no stumps evident, which is
indicative of the spruce harvesting.

Among other trees on Plot 3, a yellow birch repre-
sents an age class entering in the 1860s, and a third age
class of main canopy trees apparently entered the
stand during the period 1920-1940. The youngest
trees on Plot 3 evidently began after the harvest cuts
of 1956, 1966 and 1980-1983. They were either
advance seedlings that were released following each

cut or new seedlings that entered after the harvests,
Striped maple, beech and yellow birch dominate the
regeneration, most of it under 20 feet tall (Table 2).
Sugar maple may dominate in localized areas. Yellow
birch occurs as scattered individuals or occasionally in
small groups. Yellow birch carpets some of the skid
trails made during 1982-1984 harvest, but little new
birch came in elsewhere at that time (Hannah, 1991).

On Plot 4 at Mansfield. ca. 200 feet higher in
elevation, there appears to be two age classes of
hardwoods and an older spruce component. A red
spruce sampled near the plot evidently became estab-
lished ca. 1740, and shows an abrupt response to
release about 1890 (Fig. 4). Some beech and sugar
maple became established between 1840 and 1870 and
coincide with the first harvests. Other trees established
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Fig. 4. Height growth of hardwoods and red spruce determined by stem analysis for Plot 4 upper site on Mt. Mansfield, Underhill, VT.

following improvement cuts of the 1930s. It is possi-
ble, trees also established in the early 1900s when
harvesting ended, but are not represented in this
sample. Regeneration in, and nea, this plot is domi-
nated by striped maple, beech, and hobblebush
{Table 2). The spruce established before 1840 cannot
be attributed to any known harvesting but perhaps
some other natural disturbance. Analyses of covar-
iance indicate trees on Plot 3 were growing signifi-
cantly faster (p < 0.05) than on Plot 4. The spruce were
not included in this test because of their greater age
and different growth pattern.

It appears that the major changes that occurred in
the Mt. Mansfield stand in the mid-1800s, a reduction
in stocking, increased growth of suppressed spruce,
and entry of new trees, primarily hardwoods, were the
result of harvesting. Pit-mound microtopography is

evident in the area, but it appears much older than
many of the existing trees.

Further testing showed that, while there are sig-
nificant differences in height growth between the two
plots within both the Jericho and Mt. Mansfield stands,
there is no significant difference (P > 0.14) between
the Jericho stand and the Mount Mansfield stand when
all plots were combined for ANCOVA. Plot 1 at
Jericho has height growth similar to Plot 4 at Mt.
Mansfield, and Plot 2 at Jericho is similar to Plot 3 at
Mt. Mansfield.

5. Discussion

- These stand development studies on the Mt. Mans-
field and Jericho forest show patterns of tree entry
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coincident with harvesting or changes in land owner-
ship that involved harvesting or other possible dis-
turbance before or after the exchange. If natural
disturbance, e.g. wind throw, disease or some other
agent, was a factor in tree replacement, it is masked by
harvesting as the major periodic disturbance. If the
harvests are improvement cuts or single tree or group
selection cuts, then a process analogous to replace-
ment in small natural gaps is most likely occurring. If
the harvest is major, as was evidently the case with

spruce removal on Mt. Mansfield in the mid-1800s, "

then a stand replacement disturbance has occurred,
probably with advance seedlings playing the major
replacement role. Presumably many other trees, and
possibly other species, were in the stand at times
before sampling and have naturally died or been
harvested. Siccama (1974) indicates beech may have
been one of the most common trees in the original
forests at lower elevations, but harvesting activities
indicate red spruce was a prominent species in the
original stands above 1500 feet in elevation in the mid-
1800s (Cogbill, 1996). The large quantities of beech
now in the understory suggest beech may be the
dominant main canopy species in the future.

When the Mansfield stands were cut in the 1850s
and 1860s, it is very likely there were some sugar
maple, beech and birch seed-producing trees in a
predominantly spruce stand. These trees most likely
served as a seed source for additional hardwoods that
established after spruce was cut. Striped maple and

hobblebush were probably also present in the 1860s,-

but may not have been as abundant as they are today
and presumably sugar maple, beech and birch seed-
lings came through the competition to create a pre-
dominantly hardwood stand. By the end of the century
there was probably a two-storied stand, the older
hardwoods and scattered spruce trees left from the
previous harvests because of their small size, and 40-
year-old saplings. The older hardwoods were evi-
dently cut in the early 1900s to end the logging era.

When the land was purchased by the Vermont
Department of Forests, Parks and Recreation in
1914, the stands evidently had a low level of stocking
consisting of large poor quality hardwoods, pole-sized
hardwoods and scattered spruce. In 1930, improve-

ment cuts were made in a stand that was evidently ca, -

70 years old. More trees apparently entered the stand
after this cut. Striped maple and hobblebush may have

been quite abundant at that time but beech, birch, apg
maple eventually formed the closed high canopy, The
harvests of 1956, 1966 and 1982-1983 disturbeq
canopy and forest floor sufficiently to release or
establish more striped maple, hobblebush, and beech
along with some sugar maple and yellow birch, white
ash (Fraxinus americana L.) and black cherry as
minor components (Hannah, 1991). Assurning thig
stand development sequence, striped maple and hob-
blebush, where they are major advance growth unders.
tory species, can respond to the release and potentially
dominate the regeneration for many years followip
disturbance. If seed sources for beech, yellow birch
and maple are present, new seedlings will have ap
opportunity to enter the regeneration after a distyr.
bance and ultimately become the major components of
the main canopy. Following a major disturbance, jy
may take perhaps 30 or more years for the maip
canopy species to emerge from the mixed understory,
particularly if there is also substantial remaining high
shade to hinder their height growth. Howard (1979)
indicated a similar time requirement for trees to
emerge from the small sapling stage. Hill (1986),
on shelterwood study plots in New Hampshire,
reported that yellow birch seedlings overtopped by
beech suckers may emerge through the competition in
10 to 15 years.

Red spruce can persist a long time as advanced
growth in predominantly hardwood stands at eleva-
tions above ca. 1500 feet; an advance-growth spruce,
only 1 m tall and over 50 years old, was found near the
study plots. Occasionally, spruce is quite abundant as
an understory species where there is an adequate seed
source nearby and could potentially again become
dominant in the main canopy following release. With
increasing elevation, a transition from northern hard-
woods and red spruce to balsam fir (Abies balsamea
(L) Mill.), mountain white birch (Betula cordifolia)
and mountain ash (Sorbus americana, Marsh.) usually
occurs.

In the stand at Jericho, growing at a lower elevation
on sandy soil, red maple, white birch, aspen, white
pine and beech will likely dominate the main canopy if
major stand-replacement disturbances (harvesting,
blowdown, etc.) occur. Striped maple, hophornbeam
and beech will likely dominate in the understory and
become the advanced regeneration responding to any
disturbance. Based on observations in numerous other
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gtands in Vermont, deer browsing may contribute to
Jominance of beech. striped maple, hophornbeam,
and other less preferred species and potentially result
jn scanty presence of sugar maple, white ash, yellow
pirch and red oak. Beech is likely to become more
bundant over time, if disturbances that create only
small gaps favorable to shade-tolerant species occur
and 2 composition described by Siccama (1974) could
otentially re-occur. Red oak is likely to be present
only as @ scattered tree unless near-ideal regeneration
and establishment conditions occur. Deer browsing
ceems to be a major hindrance to establishment of
sugar maple and red oak: many observed seedlings
show evidence of deer browsing at Jericho.

6. Conclusion

Much of Vermont was cleared for agriculture and,
thus. second growth stands on former farmlands are
relatively even-aged. Most of the existing stands have
been subjected to further harvest and disturbance since
original establishment making their structure more
complex. It appears, based on study at Jericho and
Mt. Mansfield, that most trees in the main canopy of
many northern hardwood forests are aided in gaining a
dominant position following some kind of distur-
bance, often harvesting. Many species, once in the
main canopy, could potentially remain there for 200
years or more. Before settlement, wind, ice and snow
damage, and disease were probably the main factors
that removed individual large trees or groups of trees.
Widespread disturbances due to major windstorms or
possibly fire, though fire is rare in hardwood forests of
New England, occurred with less frequency than in
conifer stands (Lorimer, 1977). The effects of preset-
tlement disturbances are undoubtedly masked by har-
vesting during the last century or more. With the
advent of harvesting, disturbances ranged from
removal of single trees scattered throughout the forest
to clearcutting over a sizeable area. With partial
harvests, advance regeneration of all species present
will respond to the increased sunlight, available soil
moisture and nutrients, and thus exhibit gap replace-
ment. New regeneration may claim vacant spaces on
the forest floor, the first germinating, fastest growing
and most shade-tolerant being most successful on each
microsite. Ferns may also dominate for a period of
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time but, ultimately, the more shade-tolerant species
will dominate in the main canopy — in the northern
hardwood type it will likely be beech and sugar maple,
with yellow birch succeeding in larger gaps and other
species of low shade tolerance (e.g. white ash. paper
birch, black cherry, aspens) that establish in larger
openings and get the edge on competition. With an
abundance of striped maple, hobblebush and other
shade-tolerant low-stature species on a site, the main
canopy species may be considerably delayed in enter-
ing the upper stratum and may only be successful if a
canopy gap occurs.

Barring unusual circumstances, the size of a dis-
turbance area, caused by harvesting or natural events,
species seed source, advance growth seedlings, and
growing space for new seedlings, will be the principal
factors influencing composition and structure of future
stands. Tree harvesting as a gap or stand replacing
disturbance will have a strong influence on future
stand composition and structures. With litle or no
harvesting disturbance at mid- and low elevations in
the mountains, shade-tolerant northern hardwoods
will potentially dominate in the main canopy with
spruce as a possible minor-to-major component.
Because of the shade tolerance and longevity of red
spruce, it also has the potential to displace hardwoods
— this may have been manifested during the 1800s
when spruce was abundant on Mt. Mansfield. With
increasing elevation, red spruce and balsam fir will
probably assume co-dominance in the stands. Above
2500 feet in elevation, spruce will probably give way
to balsam fir as the dominant conifer. In the valieys and
other sites below about 1500 feet in elevation, except
for the spruce—fir region, a wide variety of hardwoods
will probably occur along with white pine and hem-
lock. In most cases, the influence of wildlife should
not be dismissed in assessing the composition and
development of stands.

Stand composition and development patterns simi-
lar to those described in this study may have occurred
in much of the northern hardwood forest of the north-
east on account of agriculture and repeated partial-to-
complete removal harvests. Deer populations have
been influenced by these disturbances and, in turn,

- influenced the forest (Tierson et al., 1966). In northern

hardwoods of the Lake States region, red spruce is
absent and beech less abundant, thus the composition
may differ but gap-and-stand replacement harvest
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disturbances are and probably still the principal stand-
development influences, wherever harvesting occurs.
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