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Forest stands composed primarily of northern red oak (Quercus

rubra), red maple (Acer rubrum), black birch (Betula lenta), and

hemlock (Tsuga canadensis) were studied, These had regenerated

:JL ;be1owing a single canopy disturbance caused by logging or windstorms.

The development of these stands follows the "imitial floristic com-

position"” model of succession——they maintained amn even-aged character,

even 87 years following disturbance.

Juvenile height growth of the hardwood species was much greater

than that of hemlock, and a stratified canopy developed early in stand

rowth, with hardwoods forming an overstory canopy above hemlock.
fﬂ'élocks grew into overstory positions only when present as large
Qénce regeneration (3 m or more in height) at the time of canopy
 §i§turbance. The crowns of the larger understory hemlocks reached a
hort distance into the lower portions of the hardwood crowns, and
'their height growth was limited in part by breakage of terminal shoots

from abrasion against branches of overstory hardwood crowns. These

a;ger understory hemlocks maintained a constant rate of height growth,
a constant to accelerating rate of basal area growth for much of
lives. This vigor contrasts with growth patterns of many tree

pecies in suppressed canopy positions.




Hemlock-hardwood stands of ages 44 and 87 years were found to have
greater basal area and aboveground biomass than adjacent hardwood
stands of the same age, site conditions, and disturbance histories, but
which lacked hemlock. Comparisons with published data showed that the
basal area and biomass of pure hemlock stands of similar age and site
conditions were also exceeded by that of hemlock-hardwood mixtures.
Thus, the mixed stands with two—layered canopies produced greater

yields than stands of either the overstory or understory compomnent

alone.
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CHAPTER 1

-Introduction




OBJECTIVES

" Forests on upland sites in southern New England are comprised of
stands with great diversity in tree species composition. Consequently,
the developmental and successional patterns of these forests are highly

'omplex. The component species, dominated by northern red oakl, red

mmon names of plant species
are listed in Appendix 1.




and that these can be explained by the model of the even-aged,
stratified mixture as described by Smith (1962, 1982) and Oliver
(1981). -According to this model, differences among species in height-

growth regime and degree of shade tolerance result in stands comprised

e

’of separate canopy strata, even though all trees began growth at

approximately the same time. This stratification does mnot remain

iR

static. Instead, competitive relationships among species may change

with stand age, as different species come to dominate various canopy
" strata at different times in a rotation. A similar description of the
:&evelopment of canopy structure has been proposed by Halle et al.
.(1978) in their model of "sylvigenesis" for complex species mixtures in
:ftropical forests. |
While previous descriptions {e.g., Braun 1950) of mixed-species
:.forests of eastern North America have incorporated the concept of
‘separate canopy layers composed of different species, few studies have
.éxgmined the development of camopy strucﬁure or the growth and form of

idual trees fdrming these strata. Oliver's (1978) work with red

mixed-hardwood stands in southern New England has included these

‘decrease competition and allow stands of high density to




develop (Assmann 1970, Harper 1977). However, so many combinations of

species are possible in these stands that few investigations have been

i

attempted.
Knowledge of the natural processes of forest growth is a necessary
basis for the effective silvicultural manipulation of any stand.
Silvicultural practice consists of encouraging, limiting, or otherwise
controlling the natural course of development. Decisioms must be made
.concerning the kinds of stands that are most productive for defined

objectives, and the kinds of treatments that will create these stands.

For complex species mixtures, these decisions have often been

E
g

extrapolated from knowledge of how forest stands of simple composition

develop, and are adapted to mixed forests with little knowledge of how
well_the_projections apply.
The study reported herein investigated certain aspects of the

. natural course of stand development and production in hemlock-hardwood

mixtures which originated following large-scale natural or artificial

~.canopy disturﬁance, but which bad received no subsequent treatment.

“Objectives included:

1. assessment of the composition and canopy structure of such
stands of various ages (Chapters 2, 3, and 4);

2. reconstyuction of growth rates of individual hemlock, red oak,
and black cherry growing in direct competition within one of
these stands (Chapter 2);

3. comparison of the productivity of hemlock-hardwood mixtures

with that of stands composed of either the hardwood or hemlock

component alone {(Chapter 3).

general review of literature concerning composition,




development, and production in hemlock-hardwood and related forest

stands is contained in this chapter. Additional information from

pertinent literature can be found in the introductions of Chapters 2

PR e

and 5.

LITERATURE REVIEW

Forest type. The forests that are the focus of this study have
;een classified as part of the "transition hardwoods-white pine-
heﬁlock“ zone (Wéstveld 1956). These transition stands include species
Oﬁﬁd,in both the morthern hardwood zone to the north and the central
'dwoods to the south, and thus are quite diverse. However, forests
'ﬂpist, well-drained sites tend to be dominated by two species—red
and-red maple (Spurr 1950, Oliver 1978). Other important species
:black birch, paper birch, black cherry, pin cherry, white oak,
':; white ash, sugar maple, and beech. Additional hardwood

also be present, but usually in rather small numbers.
gricultural land. Otherwise, it is usually present in small
among the hardwoods (Cline and Lockard 1925, Spurr

mpletely absent from many of these stands. Studies

nants:.in southern New England (Nichols 1913, Lutz

er 1955) indicate that hemlock formed a major

pland. sites in the presettlement forest, in




mixture with hardwood species and small amounts of white pine. This
hemlock~hardwood type is greatly reduced in second- and third-growth
forests. For example, on the Yale Forest in northeastern Comnecticut,
only about 10% of forest area is im hemlock-hardwoods (Meyer and
Plusnin 1945); on the Harvard Forest in central Massachusetts, 12% is

of this forest type (Spurr 1950). This reduction occurred because

hemlock is highly susceptible to damage from fire, and is also slow to
become reestablished following elimination by fire or other severe

‘disturbance such as plowing. Thus, it tends to be limited to sites om

B
&
H
.
.

which the forest may have been cut, even repeatedly, but which had

escaped these other disturbances associated with human settlement Raup
and Carlson 1941, Winer 1955, Rogers 1978). Additionally, even on
sites where other conditions are suitable for hemlock establishment,
regeneration can be limited by deer browsing (Behrend et al. 1970,
Rogers 1978).

The term "hemlock-hardwood™ as used in this study describes stands
coméosed of mixed hardwood species dominated by red oak and red maple,
p}us an important component of hemlock; these stands may or may not
contain white pine as a minor component.

Stand initiation. The composition of a young stand developing

after major canopy disturbance depends greatly upon whether advance
régeneratian had previously developed in the understory and had

vived the disturbance (Smith 1982, Halle et al. 1978). 1In forests
e central New England region, most natural disturbances result

mfwjnd during hurricanes and other storms (Henry and Swan 1974,

ver and Stephens 1977). These tend to destroy the overstory but

little effect upon understory vegetation, although fires that kill




understory growth are sometimes associated with large-scale forest

blowdown (Henry and Swan 1974). Timber harvesting has generally

produced similar effects. Both kinds of disturbance favor species
which can survive as advance growth, rather than those that can become
‘established only on exposed sites following fire.
:_Eollowing_overstory destruction, young stands are made up of
from_seedlings and stumps, as well as true seedlings of

o .;?hose capable of developing from advance

i-tolerant species such as hemlock, sugar




Wilson 1958, Bramble and Fix 1980). However, other evidence indicates

that the minimum gap size which allows even the most shade-intolerant

species to become estabiished and grow vigorously is actually rather
. -small. D. Smith (1973) concluded, based in part upon studies of red
‘odk-red maple-hemlock stands, that openings which are 1 to 2 times the

:h_fght'bffthe'sﬂrrounding trees in the smallest dimension are




makes conditions unsuitable for further invasion by new species (Egler
1954, Connell and Slatyer 1977). Thus the stand remains even-aged for
an extended period, if age is measured from time of the initiating

disturbance. It is in this "stem exclusion" stage (Oliver 1981) that a

characteristic forest structure develops.

Certain kinds of stands that follow the initial floristics
successional pattern have been descfibed by Smith (1962, 1982) as even-—
aged, stratified mixtures. The concept of stratification of the forest
-canopy has previously been employed by ecologists to explain the
ﬁhysiognOmy of extremely species-rich tropical stands (Richards 1952,
Halle et al. 1978). The main thesis of these descriptions is that the
crowns of varioue species or groups of species occupy different layers
.in the forest canopy. (See Appendix 10 for further definition of
.’stratification"). Halle et al. moted that there is often a tendency
to exaggerate the stability of such strata, viewing the vertical
”;Lgngement of species as fixed through time. They suggested that much
mportant information lies in the study of the changes in canopy
ture during stand development. In tropical areas, this must be
primarily from repeated, direct observations of the growth of

ng stands, In temperate regioms, it is also possible to use growth-

as confined to a short period following canopy
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disturbance. Stands which regenerated following hurricane blowdown of
the overstory developed from advance growth, plus pioneer species

(primarily pin cherry and black, paper, and gray birch) which became

established in the first 3 years after the hurricane (Spurr 1956).

Germination after that time did not result in successful establishment.

i
!
E
a2

Similar patterns were observed for regemeration which followed

clearcutting of old-field white pine stands (McKinnon et al. 1935);
these stands reached high density by 5 years of age, creating
conditions unsuitable for further seedling establishment, Similar
results were obtained in northern hardwood stands which followed
clearcutting (Bormann and Likens 1979), and shelterwood cutting (Kelty
and Nyland 1981),

.In general, rapid juvenile growth occurs in pioneer species, but
these generally have a relatively short lifespan. Thus, species such
as pin cherry and gray birch may form an upper stratum early in the
life of a stand, but slow in height growth and die long before other
pécies (McKinnon et al. 1935, Bormann and Likens 1979). This
hr;ality of pioneer species triggers much of the change in canopy
:ructure during development.

Some species may dominate the upper canopy layer early and
éintain that height dominance for long periods. This is true in the
gractioﬁ between black cherry, beech, and sugar maple in northern
rdwood stands in northwest Pennsylvania. When these species arise
clearcutting which leaves only small advance regeneration, black’
y grows most rapidly and develops height dominance over maple and

ech. in the first years (Marquis 1979). By age 35, the cherry has

a nearly pure upper canopy with the other two species growing in
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a separate understory stratum (Marquis 1981). This stratification will

. likely be maintained as long as the black cherry survives, which can

exceed 100 years.

In other species mixtures, the pattern of canopy stratification
can change, even without any of the species dying. The change results
from an alteration in species height growth rates. For example, Oliver
.:(1978) found that red oak grew in height at rates equal to or somewhat
-iower than red maple or black birch during the first 20 years following
éisﬁory removal. After that point, oak continued rapid beight
Eh! while birch and wmaple slowed and lapsed inteo an understory
m. By reconstructing crown development, Oliver found that as oak

nto the dominant canopy position, lateral crown expansion

tand composition can have great
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effects on production. This can most readily be seen in comparison of

pure stands of different species, growing on similar sites (Ovington

_and Pearsall 1956, Assmann 1970). These generally indicate that higher

Jefficient species. However,




CHAPTER 2

Canopy structure and development of even-aged

hemlock~hardwood stands

e :
T
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INTRODUCTION

From observations in both plantations and natural stands, a model
:f.development has been established to describe growth patterns in
en-aged, single-species stands (Smith 1962, Assmann 1970). Compe-
iion-is incorporated as the primary factor which controls variation
eight growth, crown expansion, basal area growth, and survivorship
¢ individual trees within a stand. As a stand develops, one set of
ains a dominant position in the canopy, and develops wide, deep
Qh;le other trees lapse into subordinate crown positions. As
nd matures, shorter trees with smaller crowns decline progres—
Lgor, and lapse further behind in growth compared to trees

o ﬁ:positions. This process is referred to as "differen-
:wn“classes“-—these classes being qualitative estimates
aﬁ&ftelative height.,

désaribed this differentiation process as the

é chy of exploitation,” stressing the fact that
pntrols the overall rate of resource

_ﬁth, Numerous studies have shown that in pure,
_g rg1ation exists between crown class and stem
rees differentiate into various crown

1ze alsc progressively increase. In many
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of these studies, four or more crown classes are recognized (e.g., Ward

1964, Trimble 1969). However, Ford (1975, 1982) observed that bimodal

distributions in stem size, measured as either diameter or bgsal area,

nitree vigor appears to be of

ver and Murray (1983) found that
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associated species in growth characteristics. This chapter focuses

upon the canopy structure and development of these hemlock-hardwood
mixtures. Of particular interest is whether these stands depart from

Ee.developmental model commonly used to describe single-species

ands, regarding the relationships among crown position, height

a ﬁ-stem}dia eter distributioms. The older one was then

ent of small groups of competing survivor

aracteristics in common: they were both of the
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I
VARIABLE HARVARD FOREST GREAT MIN. FOREST
Precipitation 1120 1260
(yearly mean——mm) '
Number of frost- 138 123
free days
Temperature (C)
yearly mean 7 6
January mean -6 -7
July mean 19 19
(Murison 1963) (Winer 1955)

he site at the Rarvard Forest is at 300 m elevatiom, and has soil

d as Charlton stony fine sandy loam, derived from till of

1d. schist origin (Simmons 1940). Charlton soils are well-

and. develop in deep till. Since bedrock outcrops occur within
and, it is likely that the general depth to bedrock is less
Charlton soils. Slopes on sample plots varied from

lountain Forest site is at 460 m elevation. The soil is

ocky, fine sandy loam (U.S. Dept. Agric., Soil Conms.

.indicate that it was used as a famrm

. :A forest inventory im 1937 (Harvard
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from 20 to 90 years, and the presence of stumps testified to its former

use as a woodlot. At that time, advance regeneration consisted of

hemlock, red oak, sugar maple, white ash, and black birch, in that

order of abundance. In September 1938, a hurricane completely

destroyed the existing stand. Most timber was salvaged in early 1939;

.horses were used to extract the logs when there was a light snow cover,
go litle additional disturbance was done to the soil surface beyond

urricane effects. Remnants of unsalvaged cak and chestnut logs are

1 present in the stand, and make it possible to definme the limits

‘he- woodlot, since the adjacent, former pasture land contained

‘ily white pine at the time of the hurricane. The present stand

t'received any treatment since its formation.

nd: tanbark. Hardwoods were used to a minimum diameter of

hemlocks to a minimum diameter of about 15 cm,

dence will be discussed below). It has

the-time of clearcutting.
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METHODS

Stand measurements. In both stands, plots were established along

a grid system. Eighteen plots were measured in the Great Mountain

Forest stand and 10 in the Harvard Forest stand. Because of the

differences in stem—size distribution between the stands, different

_plot measurement methods were used. In the younger (Harvard Forest)

‘stand, circular 0,01 ha plots were established and all trees were

neasured which were at least 1.3 m in height (breast height). In the

older stand, the variable-radius-plot method was employed, using a
sm with a basal area facter of 2.3 mzlha. All trees that were
idged borderline by prism measurement were verified by measuring

‘ance to the tree. All trees detected by the prism were measured,

limiting data to trees at least 1.3 m tall. In neither stand were
mportant numbers of trees or shrubs less than 1.3 m in height.

asurements of diameter at breast height, total height, and

wing way. Since black cherry was least common of these



three species, each cherry in the 18-plot sample was assigned a number

and six were chosen using random numbers. Each was accepted as a2

sample tree if its crown was in contact with that of an oak. "If a tree

did not meet this criterion, another was selected by the same method.
Each group consisted, then, of a black cherry, an adjacent red oak, and

the two tallest understory hemlocks growing beneath the crowns of

‘either of these two overstory trees.

‘Additionally, all dominant and codominant hemlocks in the 18-point

je'were assigned numbers and 6 of these were chosen using random

Seven dominant or codominant

ere recorded.

height versus tree age. The graphs
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thus reflect the simultaneous relative heights of groups of competing

trees over the life of the stand. See Appendix 3 for further

discussion.

A profile diagram of a single 10m x 30m plot in the older stand

‘was constructed following the methods described by Halle et al. (1978).

”The positions of all stems and crowns on this plot were mapped, and

height, breast-height diameter, height to bottom of living foliage, and

position of major forking of stems were measured for each tree. This

ation was combined into a vertical profile diagram and crown map.

characteristics. Age distributions of both stands show that
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a number of red oak and red maple which originated as multiple sprout

clumps. Most others apparently were advance growth and now occur in

the 90-, 95~, and 100-year age classes. Diameter growth in.these stems

increased in 1895, suggesting a release from competition just prior to

that time. That date, then, is the probable time of clearcutting. A

partial cutting or other minor disturbance may have occurred 15-20
years prior to 1895, allowing establishment of the advance growth.

Also present in this stand was a small number of scattered residual

emlocks in the 150-year age class,
No important numbers of trees became established more than 10

s after the disturbances in either stand. Thus, both are
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in the understory. One peak occurred from 11 to 14 m and another at 5

m. In this stand, a number of hemlocks occurred in the overstory

stratum at heights of 16 m and taller. Some beech was present,

primarily at lower heights, and most red maple occupied an intermediate
position in the height distribution, although some occurred in the
uﬁper stratum with oak and cherry.

Table 2 summarizes the difference between these two stands with
egafd to representation of hemlock in the overstory stratum. In the
"éﬁyger stand, only about 1% of the overstory was made up of hemlock,
w&e;eas the older stand overstory included 18% by number and 20% by

'él.area of hemlock.

.These data indicate that, in terms of total tree height, different

pecies tended to occur more frequently in specific canopy strata. In

'ﬁb better assess how foliage was vertically distributed, the

of foliage of each tree crown was measured. Figure 3 compares

height to the bottom of living foliage for red oak, the major
Ty species, to the top of foliage for hemlocks (i.e., the total

ﬁlof hemlock). In both stands, the bottom of overstory oak

8 Qverlapped by the upper crowns of hemlock. So, while most

- shorter than the oaks, the tallest of the understory
_chgd at least to the bottom the red oak crowns, and some
'han the lower portions of the cak crowns. Thus, the

he two species tended to occupy two distinct strata, but

n. zone of several meters where the crowns of the two

Xceptions, stem diameters reflected the canopy

In the younger stand, red

Trious species (Table 1).




Table 2. Proportion of overstory stratum composed of hemlock in
Harvard Forest and Great Mountain Forest stands.

Density Basal area
#/ha n’ /ha




HF stand | 44 years old}
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25 Red oak - height Hemlock - total height
to base of crown
20+ 20+
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00 200 300 100 200 300
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to base of crown
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oak occurred in the larger diameter classes, disproportionate to its
total numbers; it comprised only l4% of all stems, but 52% of all stems
20 cm and larger. Most other stems of this size were hemloék, although
92% of all hemlocks were less than 20 cm diameter. Although many paper
;birch, black birch, and red maple occupied the upper canopy with red -
éak, few had grown into the larger diameter classes. Most of these

pecies were in the 5-15 cm diameter classes together with the majority

an'so cm in dismeter. However, 48% of black cherry, which

rred. In this plot, the oak originated as a
of the understory hemlocks apparently

The second hemlock and the black
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Figure &4.

Views of the two study stands. Clipboard (23 x 30 cm)

for scale.

Harvard Forest 44-year-old stand. Arrow indicates
overstory red oak., Other species present in foreground
include hemlock, paper birch, black birch, and red
maple. An oak blown down by the 1938 hurricame is
visible in right foreground.

Great Mountain Forest 87-year—old stand. Arrows
indicate twe overstory red oaks. All other trees in
foreground are understory hemlocks which are overtopped
by these two red oak,
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cherry were saplings at the time of cutting, having originated shortly
The black cherry clearly shows a height growth response

before 1880.

to the 1895 cutting. Regardless of these differences in size at the

time of disturbance, both hardwoods soon had crowns within the

overstory canopy layer and were of comparable height from 1930 on.
Both hemlocks grew mere slowly, and lapsed into understory positions.

Results from each of the six plots are shown in Appendix 4.

Figure 6 shows the graphs of average height over stand age for the

six plots combined, beginning in 1895 (considered as stand age of

n the two phases., The linear pattern of juvenile height growth,

by many species, is commonly observed in oaks, and indicates

origin (Carmean 1972). For the understory hemlock, a single

‘explanation of calculations). The total variation is




Red oak ~-
Cherry
Hemtock

1 1 2 1 1 1
20 o 40 50 60 10 a0 890

Stand age {years)

Average cumulative height growth of trees growing in

rect competition——from six four-tree plots of
erstory red oak and black cherry and understory
Mlock in 87-year-old Great Mountain Forest stand.
Xtical lines show #1 standard error.
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Species Stand age (years)
(0-30) (31-87)
Red oak .35 .12
Black cherry .30 .14
Hemlock - . 16— -

During the first 30 years of stand growth, hardwood height growth

was about twice that of the overtopped hemlock. After that time, all

three species grew at approximately equal rates; that is, the oak and
herry just maintained the height advantage achieved in the first 30
r5, but did not increase this difference.

For purposes of comparison, Figure 7 shows average height growth

of certain mixed-hardwood stands also growing in central New

These sample trees were selected in the same way as for the

imilar rates for about 15 years. Oak and black birch then

e Great Mountain Forest stand., Similarly, in Figure 9,
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Red oak -———— e
8- Black birch
Red maple oo

i | f |
10 20 30 40 50 60

Stand age (years)

cumulative height growth of trees growing in
ompetition--overstory red oak and understory
birch and red maple from 60-year-old mixed

od stands, from Oliver (1978).
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In both kinds of stands, overstory oak showed no sign of
approaching an asymptote in basal area growth. Following an initial
20-year period of slow growth, oak had a constant to slightly

accelerating growth rate, even to age 85 in the hemlock-hardwood stand.

In Figure 9, the overtopped red maple and black birch both showed a
constant, low rate of basal area increase throughout the 60 years of

growth. In contrast, basal area growth of understory hemlock started
The

owly, but then gradually accelerated from age 40 to 70 years.

growth rate past that age showed only a slight decrease.
Growth of overstory hemlock. Height distributions from the entire

4t Mountain Forest stand indicated that 187 of the trees in the
Six of these overstory hemlocks were

story were hemlock (Table 2).
sected, and reconstructions of their height growth are given in
-6:10. Three (H, L, M) of these six were of the same age cohort
80) as many of the understory hemlock and some of the oak and

ffwo (I, J) of the six were much older, dating from 1830. A

ristic that these five trees had in common was that all were of

able height at the time of the 1895 disturbance; all were above

e two older trees were above 7 m in height. None of the

ample trees that eventually lapsed into the understory had

‘than 1.5 m at the time of cutting.

lof the six overstory hemlocks was a small advance-growth
895. The growth of this tree indicates that it was
hemlock to reach overstory height (a height equivalent
ominant hardwoods) though starting as a smalliseedling

f disturbance. This tree was growing in an area where the

rocky, and no hardwood tree or remnants of dead



umulative height growth of six overstory hemlocks in
* Year-old Great Mountain Forest stand. Arrow denotes
Me of stand-initiating disturbance.




hardwoods were visible. Such a pattern of height growth probably
represents that of a hemlock developing free of hardwood competition.

Hemlock crown abrasion. During stem dissections, it was observed

that terminal shoots of many understory hemlocks had been broken,
causing lateral branches to grow vertically and compete for dominance
as leaders. The number and height of such terminal breaks, and the
number of lateral branches competing for dominance after each
occurrence, were determined for both overstory and understory hemlocks.

able 3 shows the frequency of occurrence. These data suggest that

His phenomenon was unique to trees in the understory position, In
., among the 12 understory hemlocks sampled, 21 instances of terminal
akége were observed, with numbers of laterals growing vertically in
:instance ranging from 0 (indicating recent terminal death} to 10,
median of 4.

he leader growth pattern of hemlock has been described by Hibbs
:He noted that the leader frequently loses dominance, and a
takes its place as the terminal shoot. These events occur when
';qal is young (usually the first through third year of growth);
Nal leader may remain alive but take a lateral growth

T may be killed. Since these occurrences involve fine

'2na1 evidence of the change in leader dominance is obscured
ithin a few years (Hibbs 1981),

ontrast, the breakage of leaders associated with growth in
y positiom in the stand studied here has resulted in an
gézin ¢crown growth. Overstory hemlocks exhibited a

a , . o
wn form, with a single central stem. Among understory

Profusion of lateral branches competing for dominance



Table 3. Frequency of terminal shoot breakage in hemlocks in

87-year-old Great Mountain Forest stand. Overstory
hemlocks averaged 18 m in total height; understory
hemlocks averaged 14 m. Understory hemlocks were
overtopped by crowns of red oak or black cherry, but
not by other hemlocks.

Overstory Understory
hemlocks hemlocks
13 12
mb_f‘with at least o o
eéak in terminal 0 (0% 11 (92%)
ﬁith more than o o
eak in terminal 0 (0%) 6 (50%)




following leader breakage resulted in flat-topped crowns, in some cases

f

leaving trees with no identifiable central stem in the upper portions

of the crown (Figure 11). The broken terminals of these trees are

shown in Figure 12.

Development of canopy structure. In order to depict the

structural development of the 87-year-old hemlock-hardwood stand, the
height growth patterns of the individual plots have been translated

into a composite forest profile (Figure 13), following methods of

Oliver (1978). The 1895 profile shows the heights of residual stems

Stems not shown for 1895 were those that sprouted

left after cutting,
The

from stumps or had been seedlings less than 0.5 m at that time.

)5 profile for plots A to F show that, after 10 years of growth, no

axr pattern of height differentiation among species had occurred for

5 that survived to 1982. Some hemlocks were taller than associated

wébﬁs, and there was considerable variation in height among
Qdé. This mainly reflected the size of advance growth in 1895,

“because of their fast initial growth, hardwoods were in

Ehe hardwoods had caught up with these hemiggks, and
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Figure 13.

0

f twelve plots from

eat Mountain Forest stand. Plots A-F

an overstory red oak, an adjacent

overstory black cherrys and the two tallest understory

hemlocks growing beneath the ocak and cherry. Plots H~M
temlock. Plots

Composite forest profile ©

g7-year—-old Gr
each consisted of

F10

each consisted of a single overstory
gere not adjacent to one another as drawn in the

figure, but were intermixed througheut the stand.

crown width, erown

In the 1981 profile,

depth, branching pattern, and spatial arrangement of
trees within each plot 3T€ drawn to scale. In other
profiles, height is based upon stem—dissection
measurements, ang crown dimensions are pased upon
average dimensions of trees of gimilar ages measure
the Harvard Forest and Great Mountain Forest.

the height,
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subsequently tended to occupy the same canopy position as these
isolated overstory hemlocks. .

The reconstruction of stand growth in Figure 13 shows only the
trees selected for stem dissection; many others were present on these
plots as well. 1In order to depict total canopy structure, a plot
profile was constructed following the methods developed to describe
tropical forests (Richards 1952, Halle et al. 1978). This profile
includes all stems within a 10m x 30m plot (an extension of plot D of
igure 13). The profile is diagrammed in Figure 14, as is a map of all
ftems and crowns. These include all trees living in 1981.

This profile illustrates several aspects of structure described
antitatively by methods presented earlier:

1. The tallest hemlocks reach to the lower portion of the crowns
overstory red oak and black cherry. In this profile, the one excep-
is the hemlock farthest to the left; although much of the crown of
tree is overtopped by portions of several hardwood crowns (see

14b and c), the terminal is growing unsuppressed in a small gap -
. he hardwoods. No hemlocks occupied a clear overstory position
profile, although they did occur elsewhere in the stand, as
previously.

d maple also occurs in the understory stratum with the
miocks. In this profile, one of the two beech present is

e between the two strata, although most beech in the stand

r

the understory.
€re the understory stratum is crowded, as in the center of
Te is an additional set of even shorter hemlocks growing

crowns of the taller hemlock, red maple, and beech. The
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Figure 1

4a. Profile diagram ©

14b.

14c.

0 m plot im 87—year—old
Tree height, stem
and position of major
based directly upon

£ 10 x 3
n Forest stand.
dimensions,

awn tO scale,

Great Mountal
diameter, crown
pranches are dr
measurements.

overstory stratum.
: . : % i '}\4\,‘\1
. Rt % = 0 @i‘
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p of gnderstory stratum.

Crown and stem ma
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ate crown positions.
£ entirelys
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p—-are in intermedi
o are largely, but 1o
ces. They aré
No hemlocks occupied €
although they did

Two trees 1in this plo

left-most beect
crowns of these tw
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itioms in this plot,
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elsewhere in the stand.
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presence of this additional layer of hemlocks at about 5 m in height is

evident throughout the entire stand (see Figure 2).

DISCUSSION

Canopy structure. The hemlock-hardwood stands studied here

qualify as even-aged, stratified mixtures as defined by Smith (1962)
.and Oliver (1978). Various species tend to occupy typical positions
thin the canopy, even though nearly all trees began growth following
single canopy disturbance. In the 44-year-old stand, red oak forms
I upper stratum together with paper birch, black birch, and red maple.
the 87-year-old stand, the upper stratum is comprised predominantly
Ted oak, with small amounts of black cherry, red maple, and hemlock.
iock forms a dense understory of overtopped trees in both stands.
The upper portions of crowns of the tallest understory hemlock

- short distance into the lower parts of the overstory red oak
Thus, with respect to these species, two separate foliar
exist, with a zone of oveflap between them. Paper birch and
lerry also occur most frequently in the upper stratum, with few
f lower heights. Red maple and black birch show more variation
80 that foliage of these species extends into both strata.
bPies of these stands are generally, though not completely,

Dto an upper stratum of hardwood foliage and a lower stratum

d development patterns. The development of these hemlock-—

ands does not appear to conform to the model generally
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accepted for single-species, even~aged stands, and also differs in
several respects from patterns observed in other stratified mixed—
species stands. In pure stands, trees in lower canopy positions
continually fall farther behind upper canopy trees in height growth.
Most researchers measure canopy differentiation in terms of crown class
rather than tree height, but in cases where height was measured (E:E:v
Bormann 1965), the height difference between upper and lower canopy
trees increased with age. Similarly, in stratified mixed-hardwood
stands in New England, understory black birch and red maple fell
ontinually farther behind red oak in height (Oliver 1978). In other
fatlfied mixtures in which black cherry formed an upper stratum, it

s observed that understory sugar maple and beech nearly ceased height
ﬁth, while height growth of cherry continued (Marquis 1981).

The growth of hemlock in the mixed stands of the current study
from these patterns. Most hemlocks lapsed into a subordinate
position bemeath faster growing oak and cherry early in develop-
'b t once this occurred, the tallest hemlocks did not continue to
hind in height growth. Rather, the tallest understory hemlocks
ce with the overstory hardwoods, as hardwood growth slowed. For
mlocks, further height growth inte the upper canopy layers

be limited in part by physical breakage of terminals as
into the bottom of the hardwood overstory crowns. Wierman
1979} similarly observed that height in understory western
limited by abrasion of its terminals against lateral

verstory Douglas-fir, leaving hemlocks with broad, flat-
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In pure stands, basal area growth rates of individual trees have
been correlated to crown class (Trimble 1969, Ward 1964). This
indicates that as stands age and crown-class differentiation proceeds,
variation in stem size increases (Gilbert 1965, Bormann 1965). Any
number of classes may be distinguished to assess the coﬁpetitive status
of individual trees, but the distinction between two classes is of
primary importance. Those trees that reach the upper level of the
‘canopy, and receive full sunlight at least at the crown tops, show
highest basal area growth rates; those that survive in lower canopy
positions with crowns partially or totally overtopped have slower

owth rates, and in some cases nearly cease growth (Ford 1982, Oliver
nﬁ Murray 1983).

‘A similar relationship between crown position and basal area

th was observed in mixed-hardwood stands studied by Oliver (1978},
understory black birch and red maple grew at steady, low, basal
rowth rates which were much lower than that of overstory oak. A
Nt pattern was observed in the hemlock-hardwood stand studied
?he tallest understory hemlocks initially had low basal area
ates, but then steadily accelerated in growth, even though
ition as understory trees was not altered. From age 65 to 70
1 area growth rates of oak and hemlock were comparable,

owth of hemlock into overstory stratum. Data presented here

that the majority of hemlocks occurred in subordinate crown
'en growing in mixture with hardwoods in even—aged stands.

0 achieve upper canopy positions only if they were left as
-fgsiduals following the stand-initiating disturbance. 1In

tain Forest stand, the minimum initial height allowing

|
|
E
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eventual development into the overstory appeared to be about 3 m.

Only one overstory hemlock fell within the boundaries of a sample
plet in the Harvard Forest stand, and only a few others were present
elsewhere in the stand. These were not scattered throughout the stand
as were the residuals left after cutting of the Great Mountain Forest
stand; rather, they were in a position protected from the force of the
hurricane wind by a small ridge. Increment cores taken of these trees
showed that they were 30-50 years old and 10-20 cm in diameter in 1938,
and that diameter growth increased at the time of the hurricane. These
trees are presently as tall as the hardwood overstory. This evidence
:ther suggests that hemlock achieves overstory status primarily by a
step process. It must first achieve a certain minimum size as
vance growth or as an understory member of the previous stand, and
@ust be freed of overtopping competition when the main canopy is
ed or destroyed.

'?a gathered in this study also indicate that hemlock can achieve
Ory status if it germinates on a seedbed unfavorable to other

in the stand, leaving it free of competition. This happened
tly in these stands, but may be important on some sites.

rquis (1981) described another forest type which develops in
pattern. Following clearcutting in the Allegheny Mountains,
€ and beech both occur primarily in the understory with black
the dominant tree. In that region, these two species seem to
8tory status only when left as residual saplings during
é#qval or destruction. Saplings of greater size have a

4 -iity of achieving overstory status., Marquis noted that

té-aged stands in the Allegheny Mountains today have a
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mixture of cherry, maple, and beech in the overstory, and concluded
that these stands probably developed following cutting that removed all
trees except small, unmerchantable beech and maple saplings. |

Thus, this is similar to the development pattern observed for
stands following cuttings for charcoal and tanbark at the Great
Mountain Forest, and following hurricane blowdown at the Harvard
Forest, although the number and spatial arrangement of large residuals
among the advance regeneration differed among these cases. Stands with
a greater variation in age or size of advance growth (i.e., those which -
contained a larger number of residual saplings of shade-tolerant
species) tend to have an overstory canopy stratum containing a greater

mixture of species. Stands that had a narrow range of age and size at

he time of stand initiation developed a more distinctly stratified
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INTRODUCTION

Reconstruction of the growth of older stands by stem dissection

ﬁechniques inevitably omits some aspects of early stand development.

lder stands, and some species are entirely absent. Direct obsar-

1ons of young stands are Decessary to provide a portrayal of early

ht growth and canopy development for these species,

Such observations were made in an experiment designed by Professor

M. Smith of Yale University. The objective of this eXperiment

: compare the height growth of seedlings of a wide variety of tree

es.growing in mixture, all starting from seed or small advance

This was done by clearcutting a strip in a hemlock—-hardwood

d eliminating most advance regeneration and all subsequent

by herbicide application and cutting, Height measurements

at stand ages of 2, 7, and 8 years by Smith and others, and

as.part of the current study.

arcut strip was located on the Great Mountain Forest in

Ohnecticut, about 500 m from the 87-year-old stand
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described in Chapter 2. Soil and climatic conditions were similar at
the two sites; the soil is classified as Hollis extremely rocky, fine
sandy loam (U.S. Dept. Agric., Soil Cons. Serv. 1970). The clearcut
strip was situated to incorporate the two main variations that occur
within this kind of site. Part of the strip included a shallow swale
crossed by an intermittent stream; this part was underlain by
relatively deep till. Level areas on either side of this swale, which

‘were on mere shallow till, were also included within the cutting area.

METHODS

Experimental treatments. The stand was approximately 70 years old

he time of cutting, and was comprised primarily of red oak, red
+beech, hemlock, and sugar maple. The strip was clearcut in
autumn of 1967; the removal of felled trees was dome in a manner
e-a minimum of disturbance to the litter. The cutting area was
e in the north-south dimension, and approximately 120 m long in
st-west dimension. This created a spectrum of microsite

ons. from complete exposure on the northern edge to dense shade -

uthern edge.

i
i
i

before cutting, all small woody plants, including tree

ﬁere sprayed with an oil solution of 2,4,5-T. The only
Sérved from this treatment were l-year-old red oak seedlings -
t 20 cm in height, and the few small, advance-growth
ﬁ=were present; evidence had previously indicated that

would not reproduce well from seed after clearcutting.
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During subsequent years, sprouts from roots and stumps were eliminated

by cutting; only root suckers of beech proved too persistent .to be

eliminated by cutting, but these were not Present in large numbers.

Thus,

except for red oak and small numbers of beech and hemlock, all

regeneration was from seed germinating after overstory removal., To

supplement the geedfall naturally occurring on the site, seed of

hemlock, white pine, red maple, sugar maple, and birch species was sown

~in the cutting area. The portions of the area where measurements were

ailed deer.

Measurements.

Height measurements were made in 1969, 1974, 1975,

1981, after or mear the end of the period of annual height growth.

sity of the stand as it developed. Both methods met the objective

mpling the heights of the tallest individuals of each species, by

1969 and 1974: The strip was divided into 8 zones, each of

88 3 meters in width and ran the entire east—-west length of the

Tea; both kinds of sites were included within each zone.

h:of the two sites, the heights of the 5 tallest individuals

1; 5 and 1981: Transects were established across the strip in

uth direction. Each was 2 meters wide and was divided into

lents. Two transects were located on the shallow tilil

e.on the deep till. Within each 2 m x 1.5 m plot, the
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tallest tree of each species was measured, with the following

exception. If a tree immediately adjacent to the plot was taller than

any conspecific within it, and was so tall as to influence development

within the plot (i.e., directly compete with trees within it), this

tree was taken as the sample tree instead.

Data analysis.

Objectives of the experiment included comparing
tree growth at varying microsites along the north-south axis of the
strip, and between the two kinds of sites--deep and shallow till,

‘However, the focus of the current study lay in determining whether

here all or most overstory competition had been removed in g single

sturbance. Therefore, measurements were analyzed only for trees in

e.central l2-meter section of the 24-meter-wide strip. The southern

€ of the strip was subject to both root competition and shading from

intreated bordering stand. The northern edge received direct

ight, but also was subject to root competition. Also, measurements

oth the shallow and deep till sites were analyzed as a single
to encompass the variation found within a single stand.

each measurement date, heights of the tallest trees of each
'.sampled as described above, were averaged, and significant

n¢es among means were determined by Scheffe's procedure

-and Cochran 1980). Sample sizes (see Table 4) varied among
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Height (m) of the tallest individuals found on each
sample plot, for each species in clearcut strip. Each
table gives mean, standard error of mean, sample size,
and results of Scheffe's procedure for separation of
means for all species with n <10 (means sharing same
letter are not statistically different at P = .05
level).

1969--age 2 years

sSpecies mean S.e., n

Pin cherry . 1.18  0.08 40 a
Paper birch 1.04 0.03 40 ab
Gray birch 0.81. 0,03 29 be
Black birch 0.74 0.04 34 c
Black cherry 0.67 0.05 28 c
Red oak 0.63 0,03 40 c
Red maple 0.34 0.03 27 d
Hemlock 0.31 0.02 4

White pine 0.13  0.01 23 d
Beech - —_ 0

1974—-age 7 years

Species mean s,e, n

Pin cherry 4.68 0.20 28 a
Paper birch 3.93 0.13 37 a
Gray birch 3.20 0.20 21 b
Black birch 3.04 0.18 28 b
Black cherry 2,91 0.20 22 b
Red oak 2.81  0.12 44 b
Beech 1.90 0.06 3

Red maple 1,82 0.15 24 c
Hemlock 1.45 0.32 5

White pine 1,13 0.10 18 c




Table 4, (continued)

1975--age 8 years

species mean 5.e. It
Pin cherry 5.36 0.41 16
Paper birch 4.63 0,18 27 a
Black birch 4.30 0,34 17
Black cherry 3.35 0.75 8
Gray birch 3.17 0.18 7
Red oak 2.74 0,25 24 b
Beech 2.10 0.22 11 bc
Red maple 1.68 0.24 15 be
Hemlock 1.65 0.28 3
White pine 0.85 0.16 11 c
S
1981~-age 14 years
species mean S.e. n
Pin cherry 9.02 0.44 12
Black birch 8.38 0.73 13
Paper birch 7.86 C.28 25
Black cherry 7.32 1.17 7
Gray birch 6.80 0.45 6
Red oak 4.57  0.48 22 b
Beech 3.05 0.35 11 b
Hemlock 2.68 0,62 3
Red maple 2.65 0.43 8
White pine 1,25 0.41 5

66
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RESULTS

'

General observatioms. The most striking result was the important

effect that deer browsing had upon vegetation in the clearcut strip.
Woody plants were nearly absent from areas outside fences, with hay-
scented fern dominating the vegetation in these areas; within fenced
areas, tree seedlings were dense. These conditions persisted at all

. sampling dates.

Initially, hay-scented fern was also abundant on the deep till
gite within the fenced area, as were blackberry and raspberry
hroughout the cutting area. However, many tree seedlings outgrew
hese species and overtopped them by the second year.

| Although overall tree density was not measured quantitatively,
geveral important differences were evident for relative density among
ies. Of the species originally important in the mature stand, none
0 q;ized the cutting area in large numbers. Regeneration of hemlock
oak appeared to be restricted to seedlings present prior to

>« Red oak had been well represented as advance regeneration,

ew hemlock had been present. Red and sugar maple, which were

.d as advance growth, did not germinate in large numbers

they were among the species artificially seeded; few of those
germinate survived to age l14. Beech also became established
imited numbers. The shade-intolerant cherry and birch

”n contrast, germinated at high densities.

drative height growth of tree species. Table 4 shows the
ht attained by the tallest of each tree species, at the

- dates. Results are graphed in Figure 15. Scheffe's test
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for separation of means was used for all species with sample sizes

greater than 10; results are shown in Table 4. Means and standard

errors for other species are also listed in Table 4, but were not

included in statistical tests.

These results show that, beginning at the earliest measurement,
pin cherry and paper birch were significantly taller than red oak and

red maple, with other cherry and birch species being intermediate

between these groups. This relative-ranking in height persisted to age
7, with pin cherry and paper birch (plus black birch at age 8), having

significantly greater heights than all other species tested. By age

» two distinct strata were discernible, with cherry and birch species

ler than all other species., Red oak had the greatest height of the
orter set of species, but averaged only one-half the mean height of
the relative rankings of

EFigure 15 shows that, for the most part,

pecies in height remained constant throughout the measurement

d. Only black bireh changed importantly in position; it was one-

shorter of the less tolerant species at age 7, but was nearly

n-height to pin cherry by age 14,

egetative sprouts had occurred. In one of these, McKinnon

made an extensive study of regeneration following
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clearcutting of old-field white pine stands in the vicinity of the
Harvard Forest. 1In the other case, Spurr (1956) and Hibbs (1983) -

traced stand development on 14 permanent sample plots at the Harvard

Forest. These plots were located in areas where the overstory had been

destroyed by hurricane winds; most of these had been dominated by white
pine at the time of the hurricame. In both of these studies, data
concerning relative tree heights were collected by dividing trees into
_two crown classes: overtopped and free-to-grow. Stem origins were also
oted, distinguishing seedlings, seedlings sprouts, and stump sprouts.
In these stands, the less shade-tolerant birch and cherry made up
‘large part of the upper canopy (free-to-grow) stratum during the

rst 10 to 15 years of growth, with Pin cherry being the most numerous
this stratum. Many red oak and red maple grew in overtopped

itions beneath pin cherry and birch species, as also occurred in the
rcut strip of the present study. However, stump and seedling

1ts of red oak and red maple, many in multiple-sprout clumps, also
d in upper canopy positions. In post-hurricane plots, sprouts

€ two species made up approximately 25% of the free-to-grow

~age 10 (Bibbs 1983). In clearcut stands, red maple multiple-
lumps occurred as free~to-grow stems in 100% of the 15-year-old
amined by McKinnon and coworkers, and red oak occurred in this
B in 50% of stands. Thus, no clear pattern of vertical strati-
‘1sted in these stands. The differences seen between these

He regeneration in the clearcut strip of the current study
the importance of vigorous sprouting by red oak and red -

%Y. canopy development. Where sprouting had been
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suppressed, and regeneration developed only from seed or small advance~

growth seedlings, distinct stratification occurred, with red ocak and

red maple growing only in subordinate canopy layers.

In addition to sprouting, differences in size of advance regenera-

tion can also decrease the consistency with which species become

arranged in particular canopy strata. This can be especially important

in the case of hemlock, which does not sprout and has slow juvenile
height growth. For example, Hibbs (1983) reported that the one post-
-hurricane plot located in a former hardwood stand contained hemlock as
20 Upper canopy component at age 40. Some hemlocks had eccurred in
‘Upper canopy positions in this plot even at age 10 (Spurr 1956), simply
cause they had existed as large advance regeneration at the time of

ver story removal.

It is probable that the older stands described in Chapter 2
ntained the kind of unstratified canopy in early development that was

ved in the studies of Spurr and McKinnon and coworkers. Those

ands, which became established following overstory removal of

e&_pus hemlock—~har dwood mixtures, would have differed from the
eration that followed white pine in that they would likely have
ned more hemlock advance growth and more hardwood stump sprouts,”
dthese factors would serve to increase the proportion of red
maple, and hemlock in the upper stratum,

and thus decrease

0py differentiation into distinct species layers.
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CHAPTER 4

A late stage in stand development—-Catlin Wood

12
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INTRODUCTION

Although the transition hardwood-white pine-hemlock mixture is the

prevalent forest type throughout much of southern New England, few old

stands of this type exist for comparison with younger stands described

in previous chapters. This is particularly true of sites with moderate

slopes and favorable soil-moisture characteristics. Most land even

marginally suitable for agricultural use was cleared at some time, so

tat much of the present forest is now in the first or second genera—

on following the cessation of agricultural use; few of these stands

ite more than 100 years old. On land not suitable for agriculture,

8ts were cut heavily for charcoal or fuelwood, continuing through

arly years of the present century. For the most part, only where

rocky slopes or ravines limited human access have small areass

'd which eseaped human disturbance for long periods.

'me transition hardwood-white pine~hemlock stand of considerable

own as Catlin Wood, exists in the northwestern Connecticut town

hfield, and represents one of the oldest examples of this forest

Telatively good site (Smith 1956). Smith hypothesized, from

» consisting probably of both cutting and

Little further study has been done concerning the origin
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The present investigations were carried out primarily to compare

the structure of this older stand to the younger examples of the

hemlock-hardwood type as described in Chapter 2. Research into the

land-use history of the area was first carried out, since disturbances

in this stand were not documented as they had been for the younger

stands, Besides determining the date and type of disturbance that led

to the establishment of the present stand, it was of interest to

_determine why the area had not been used for agriculture.

STUDY SITE

Catlin Wood, comprising about 12 ha, is located on the lands of

 jWhite Memorial Foundation, and has been reserved as a natural area

nce 1913, At 280 m elevation, it is somewhat lower than the sites of

younger stands described earlier. It is also farther south and

er to Long Island Sound; thus, it has a slightly warmer climate

 he other two study sites (see Appendix 2 for locations).

conditions (U.S. Dept. Agric., Soil Cons. Serv. 1970) measured

wall, s town adjacent to Litchfield, are summarized below:

Precipitation 1138

(yearly mean—-mm)

Number of frost- 165
free days

Temperature {C)

yearly mean 9
January mean -4
July mean 21

£ Catlin Wood and surrounding area is shown in Figure 16.
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Immediately to the south is a drumlin, which extends into the south-—

eastern part of Catlin Wood; this adjacent drumlin area remains ip

agricultural use as of 1982, The drumlin and adjoining Catlin Woed

area are nearly surrounded by wetlands.

Soils on the drumlin are of the Paxton series. Because of a

perched water table, this soil is among the best in the region for.

forest or crop growth. The Paxton and bordering Charlton till soils

occur in the southeastern part of Catlin Wood (see Appendix 5). The

remaining area of Catlin Wood has primarily Windsor and Deerfield soils

formed in stratified sands deposited by glacial meltwater. This-

includes an area in the southeastern part containing an intermittent

stream that drains part of the drumlin. There are also several wet

areas with AuGres and peat soils,

Catlin Wood is not homogenous in past land use or pPresent vegeta-

0. Studies by Siccama (1983) have defined the outlines of a former

wed field that lies within its boundaries (Figure 17). Land owner—

studies, to be discussed in detail below, showed that the eastern

on of Catlin Wood was maintained as a farm woodlot during the

eenth century, and probably had been continuously forested before

these boundaries are also delineated in Figure 17. This eastern

Ot area, underlain partly by till soils, fits the criteria used

felecting other stands in this study, and was used as gz study site

ation measurements.,

ugh the stand has been reserved from timber harvesting since

ept for salvage of dead trees, some selective cutting took

Fﬂdﬁertently within the boundaries of the stand in 1972. While

Ttunate for many scientific purposes, it provided an
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oepportunity for accurately aging the stand, which would not otherwise

have been possible. The only other partial cutting involved the

removal of chestnut during or shortly before the time that the lethal

chestnut blight disease reached the area (Smith 1956).

METHODS

Land ownership.

The land transfer Yecords on file in the

Litchfield Town Clerk's Office were examined to trace the ownership of

Catlin Wood and adjacent property from the time of settlement to the

present, Other deeds not pertaining directly to Catlin Wood, but which

gave information about the occupations of its owners,

were included ip
the search.

Age structure,

Determination of tree ages from increment cores

A survey was made of the entire area

itlin Wood to identify all such stumps. A clean surface was pPlaned

h of these, and annual growth rings were counted to as near to

th as possibie. Records were also made of dates where ring width

ed suddenly in size, Thirty-eight stumps were located and aged;

Ocations are shown in Appendix 5,

€getation structure and composition.

The eastern "woodlot"

f:Catlin Wood was gridded with 25-meter-square plots (.0625 ha

.From these plots, a subsample was chosen which had not been

isturbed by wind, logging, or other agents. Twelve such

&
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plots were located, and on these, total height and breast-height

diameter were measured for all trees 10 eqm and greater in diameter.,

The biomass of each tree was calculated, using the regression equations

of Monteith (1979). These relate aboveground dry weight of individual

trees to total height and breast-height diameter. The equations are
listed in Appendix 6.

RESULTS

- A more detailed account

f' the land ownership changes,

including deed citations, is included in

Each map shows the road that is now called Route 63; this

The first rounds of

Lsion consisted of assigning house "lots" within the designated
Yea. Larger areas were then divided; these were known as

rather than "lots", 1In every round, each proprietor received

s the
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in 1723, the town school was assigned a block which now contains the

eastern half of Catlin Wood (Figure 18a). Adjacent to the west, on the
second round of 60-acre pitches in 1724, Abraham Goodwin was assigned
Samuel Lanford (Sanford?) received the pitch

containing the drumlin,

land. To the south,

The Goodwin land remained in the ownership of that family for

nearly a century, until 1817 (Figure 18b,c). The "school-right™ land

was sold soon after division to raise funds for the new school, and the

25-acre portion which now éncompasses the eastern half of Catlin Wood

» It remained in the

However, other deeds indicate that the Goodwin family owned

awmill and gristmil} about one mile from their Catlin Wood land and

; these consisted
f. the original Lanford 1land,

He purchased the adjoining Marsh
827.

This was the first time that a part of Catlin Wood was

the same individual who farmed the adjacent land, Thompson

land until his death in 1868, whereupon his heirs sold it to

anily (Figure 18e,f). Deeds of this sale state that the

of the roagd was supporting a crop of Tye, and describe the

Skern portion of Catlin Wood as g woadlot.

nsfer of ownership of the western portion of Catlin Wood
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(the Goodwin land) in the early nineteenth century was exceedingly

complex. The land was repeatedly divided ang subdivided, and was used

as collateral for loans. Portions were held by the firm of Goodwin and

Galpin for Speculative purposes, dpparently because the construction of

an access road (now Webster Road) was Proposed in 1823; the right-of-

the southern boundary as a highway, but a deed dated 1836 which

transferred the Goodwin and Galpin land to P.S. Beebe states that the

southern boundary is the lapd of Julius Deming, but is "subject to a

public highway across the south border”, implying that the road did not

yet exist,

iood from Thompson, Webster purchased most of the western portion and

It was from the Webster family that Alain and May
hite purchased Catlin Wood as part of the formation of the White

F1al Foundation in 1913,

onclusions pertaining to land-use.

The pattern of ownership

ented here suggests reasons why the land of Catlin Wood was not

ed to the uses of surrounding land of similar quality—-clearing

:ficulture, possibly followed by use as unimproved pasture and

ual. abandonment . The land of Catlin Wood is naturally isolated

‘north, west, and southwest by "flooded land" as described in

inal deed of 1723, and would logically be considered for

ent as a part of the good drumlin farmland to the south (see
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Figure 16). Indeed, the original settlers apparently viewed this 1apnd

a5 a unit, calling it "South Pine Island", However, a property

boundary was drawn between these two areas in the original land

division, so that the ownership of Catlin Wood was separate from that

of the drumlin during the time of initial land clearing for crop and

pasture use. The two families who owned the land of Catliin Wood in the

eighteenth century had businesses other than farming; both owned mills

1 to 2 miles from their Catlin Wood land. Furthermore, there was no

improved access road to the land at least until 1823, and possibiy

until after 1836.

When Willianm Thompson purchased the drumlin farmland in the early

'1820's, there apparently was sufficient land available that had already

been cleared. After he added the eastern Portion of Catlin Wood to his

hbldings, he maintained it as a woodlot. Portions of the borders of

e Thompson woodlot remain discernible in 1982 The southern border

5 along Webster Road, and along the eastern border and the southern

t of the western borders are trees which lean away from the woodlot,

th open—grown crowns on the side away from the woodlot. These grew

order Lrees next to cleared land, which now contains old-field

ds of white Pine and mixed hardwood species,

28€_Structure. Figure 19 shows the -date of diameter growth

ere all from the woodlot portion of Catlin Wood They ranged in

from 28 to 90 e at stump height, and included 14 hemlock, 18

2 white oak, 1 white ash, 1 black birch,

and 2 white pine.

‘shown in this graph is the point at which there was a sudden
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advance regeneration, This date could be accurately determined,

whereas the time prior to rapid growth response often could only be
estimated due to the difficulty of counting the narrow rings of the

center core. For most of the trees, this initial period of slow growth

lasted about 10 years, although in a few cages it lasted at least 50

years. The date of increased growth rate gives the time when a

disturbance likely occurred, allowing the regeneration to gErow more

freely, and thus represents an important indicator of stand age.

Figure 19 shows that the majority of stems began a period of rapid

diameter growth in the decades 1820 to 1850, with others responding in

the 50 years before that. These results generally support the

-estimates of Smith (1956), that the years 1806, 1822, and 1834 were

dates of disturbances that had released advance regeneration. 1In the

resent study, increases in diameter growth were found to have occurred

©OT near those dates. However, the sample in this study has shown

at the decade of 1840 (and probably the specific year 1846) was the

te of the last major disturbance that released advance regeneraton of

ock, white pine, ocak, and other hardwood species. The present

l.is thus considered to be 135 years old. This disturbance was

fucertainly a cutting, since property deeds indicate that the

was being maintained.as a woodlot by the owner of adjacent

and at that time. It is also likely that the cutting was heavy,

3pecies of low shade-tolerance, including red oak, white ash,

De and yellow-poplar, formed a large part of the new stand.

Ince regeneration released by the cutting was mostly rather

diameter; the central core of suppressed growth in most stumps

about 10 years of growth and was 2-5 cm in diameter in 1846,
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However,

the new stand also contained some larger trees which had been
released by disturbances during the previous 30 years, plus a few much

older residuals, most of which were hemlock.

One of the hemlocks dating to 1822 was situated on g windthroy

mound, and had grown in g Suppressed condition for its entire life,

measuring 33 cm in diameter at stump height at age 152, This indicates

that it germinated in a rather small windthrow area, which may be

attributable to 5 hurricane which moved through the re

gion in September

1821 (Smith 1956}, However,

the fact that half or possibly all of

Catlin Wood wag held by owners of sawnills in the early nineteenth

.« This

s and not the

te removal cuttings associated with harvesting for fuelwood. BHad

ere been repeated fuelwood cuttings, the majority of oaks in the

t stand would likely have shown rapid diameter growth from the

indicating trees of sprout origin.,

PY releases coincident with the 1820-1846 disturbances.

Two
hémlocks,

germirnating in about 1755 and 1778, were located on
l0unds, indicating that disturbancesg caused by wind accounted

Some of the earlier regeneration. The Presence of tree




Table 5 shows the
Present stem density by species and diameter class for the 12

undisturbed Plots measured ip Catlin Wood. The species composition ig
 largely the game as in the 87-year-olgd Great Mountain Forest hemlock-
“hardwood stand (see Chapter 2),

except that some species represented by
orly a few stems in that stand occur ip important numbers in Catlin
Wood.

These include white pine,

white oak, and beech. The other major

’pecies--hemlock, red oak, and red maple-——are important components of
11 three stands,

White pine
found almost exclusively in the largest diameters (60~ and 75-cm
Hemlock had by far the &reatest sten density, comprising

1f of the total number of trees, While most of these were of

ely smali diameter, hemlock occurred in such great numbers
hout the diameter distribution that it dominated all classes

the largest (75 cm),

Table 5 also shows the distribution by species of basal area and

d biomass,
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Epecies.

Considerabie variation eXisted Zmong plots in Species

Composition and stand density,

the averages Presented ip Table 3; these had a basal 8rea of 60 to 82
m2/ha, and aboveground biomass of 42¢ to 520 t/ha. Since the Plot gjze
of this Study was rather large (1/16 hectare),

these high figures were

20t simply the result of 2 or 3 large traes eccurring ip ga clump on 4

sample plot,

Portant species op the 12 plots

For Mmany species, the Pattern is simjjgy to
that found ip the 87-year-ol4 hemlock—hardwood stand discussed in

s and

Surveyors of the original langd
Of Litchfielq in 1723 ysed witness trees to specify boundary

This recorg Provides a spmal} sample of
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1, Pre—settlement Vegetation ygg Not composeq solely of shade-
tolerant Species, ag would be €Xpected jif the stangd had beep
free of m3jor disturbances for ap €Xtended period,

2. The Stand contajipeq White pine and hardwoog Species, ag it
does at Present, although the Presence oy absence of hemlock ip
the forest of 1723 jig not clear, The absence of any particular
Species frop Such a gma]] Sample dpeg ot indicate its absence
from the Stand as 3 whole,

ﬁhe oldest eXamples of the hardwood-white Pine~-hem]gek forest type

Ing on a ggeq site in central New England, Its location and site




1. "Great" white pipe

2. white pine

3. chestnut "stadle" (small tree)

- Wwhite pine

4
5. white oak

6. white pine
7

« Wwhite oak

Map of Catlin Wood ang
of sevep Wwitness treeg
Ooriginal land division
Correspond to boundary
shown ip Figure 18a.

adjacent land, showing location
used to define boundaries of
in 1723, Witness tree locationg
corners in 1723 ownership map
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the adjacent land, and it was then used as a farm woodlot. This woodlot
area was the study site for the present work

seems to parallel the general pattern observed in the younger Harvard

Forest and Great Mountain Forest stands, Although it did not appear to

arise from a single disturbance as did the younger stands, a serieg of

disturbances during a fairly brief interval (about 30 years) gave the
- stand a basically even

—aged character,

The last major disturbance was a cutting in about 1844 which removed

‘most of the overstory, releasing small advance growth--mostly lesg than 5

in stem diameter. Sope larger understory trees, mostly hemlock, were

iso left during the cutting. This would likely have occurred becayse

hese hemlock were too small to be of use as sawtimber, wheress hardwoods
e-useful as fuelwood even to a very small diameter. A similar stand-
iation pattern was observed in the 87-year-o1d hemlock~hardwood stand
fibed in Chapter 2, where cutting for charcoal 1left scattered

Istory hemlocks ag residuals to develop along with the smaller

growth.

€asures made in portions of the stand free from recent disturbance

that although trees in the 135~year-o14 Catlin Wood stand were

“stand Structure was similar to that of the 87-year-old hemlock-
stand.  Ap oak-dominated upper Stratum grew above a hemlock—

d-lower stratum of similar age in both woodlands. 1In Carlig

€ main canoy included both red oak and white oak, with small

other hardwood species including white ash,

shagbark hickory,
“poplar,

The lower stratum ip both stands was comprised
£ hemlock,

with lesser amounts of red maple, black birch,




yellow birch, apg beech. Some hemlocks, Presumably the larger residualsg
left in the 1846 cutting,

shared the UPPET stratum with red and white
oak.

emergent stratum of white pine occurred above the main oak canopy. This
species was entirely absent from the 87-year-o1d stand.

Age measure-
ments from 2 white Pine stumps ang I living white pine ip Catlin Wood
showed that these originated following the 1820-1846 disturbances, and
are thus the sape age as the majority of other species. White pine hag

1982).

For three plots in the eastern Part of Catlinp W

ood, total basa] area
e€ached 60-82 p

2/ha and aboveground biomass wag calculated at 420-520

1a. These plotsg represent ome of the highest levels of biomass
ulation reported for hardwood-white Pine~hemlock forests of New

as in multi-storijed old-growth stands of hemlock, white pine, -

- These had as much as 70 mzlha—-similar to the maximunp
in Catlin Wood, The diameter distribution they reported was

White pine hag the greatest diameters, and the smaller

ere mostly made up of hemlock ang Ted maple, but with sugar

d of oakg having the Ereatest diameters among hardwood




species. In thesge stands,

the tallest white Pines reached 42 m,
hardwood and hemlock canopy bemneath,

with the
Crow (1978) estimated the

aboveground biomass at approximately 600 t/ha. These authors

s Whittaker
{1966) also found that the greatest stand dimensions occurred in a
mixture of hemlock,

sugar maple, and beech, Basal area of this stand was

f64 mZ/ha, with aboveground biomass of 610 t/ha.

These measures exceeded

hose of even the two cove hardwood stands in the

sample, which had basal

rea of 53-54 m%/ha and biomass of 500 t/ha.

Greater basal area was

ound in varioug Pure conifer stands ip these studies, but these were

and clearly contained legg biomass (Whitta

d Zedler 1968, Croy 1978).

In many areas, natural disturbances
ind, lightning, and disease have Created gaps in the canopy,
elective logging has occurred as well., Sepe of these gaps aye

tree-growth response appears to be confined to the estap-

dvance regeneration of shade-tolerant species, and probably
€ in the growth of adjacent overstory trees.

Other gaps have
b

* 8€veral adjacent trees falling, and are quite large.

N thege larger gaps includes species of lower shade-
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tolerance such as yellowupoplar, black bireh, and yellow birch, which
dominate ip number and height,

as well as red maple, hemlock, and oak.
Thus,

the stand has begun to lose the overall synchrony imposed by
logging during the mid-nineteenth century,

Some areas have become

» and in the release of the

a8s observed at another location by Oliver
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CHAPTER 5

Effect of variation in species composition

on stand productivity
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INTRODUCTION
— MU

« A stanp-

"replacement

") all sown at the same total Plant density, but with varying

portions of two constituent species, Resulting biomass yields of

ch: stand are then weasured by harvesting, usually after one growing

In these eXperiments, g baseline yield can be established for each

ituent species and for the total Stand., This assumes that

dependent interactions between individuals of different Species
.alent to those among conspecifics. Thig baseline yield is
ed. £rom knowledge of the yield of

- For
8 232 and 23b both show Situations where the total

tures exceed that eXpected if intra- and inter-specific
fre equivalent, This could Tesult from 4 symbiotic or




Yieid

Species A g

[« B ‘\1\)
Spe les 10 0.5
a-

Yieid

Species A o

Species B ~— .
P ag 10

Yield results of hypothetica
€Xperiments, Dashed lines
intra- ang inter-specific i
for €Xample, expected total

1 replacement series
represent expected yvield if
Nteractions are equivalent ;

vield of mixtures of 0.5 A
5(yield of monoculture of A) +

- Solid lines represent

193




the presence of the other. However, such g relationship is not
necessary; this Situation could also occur simply because competitive
interactions among individuals of two species are less severe than
those among conspecificg (i.e., the Species occupy somewhat different

niches),

1, differences jip timing of foliage Production and duration of
pPhotosynthetic activity during the 8rowing season;

2. differences in height, form, and Photosynthetic efficiency of
foliage; and

3. differences in depth of rooting.

All of these appear important ip reducing competitive interference
eXperiments with variocus herbaceous species, resulting in vield

ais of mixturesg €Xceeding those predicted from monoculture yields
€In et al. 1970, Trenbath and Harper 1973, Hill and Shimamato

However, such results do not necessarily jindicate that maximum

8s shown in Figure 23b. Harper noted that most

involved agricultural Crop species, and concluded:
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O cultivars, breg by man for their high rPerformance
in pure Stands, wi]] seldom exceed this Performance

ssed theoreticay considerations of Wixed-stapnd Production, zpq
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important hardwood Species in thege stand

§=-red oak, red maple, black

and black cherry—-gzre deciduous Species of
intermediate to low shade tolerance,

bireh, Paper birch,

with much &Treater juvenile rates
of height EYowth than that of hemlock

» but Produces geed only when in

s+ When the overstory is removed,

new stands
-0mpo sed predominantly of hardwood Species,

but contain an
ular distribution of hemlock which ig corre

dcement serjeg Studies, gince initial regeneration density of

1es is not known, Rather, comparisons are made simply between

od stands apg mixed stands, Also, the total initrial density
ation jg not known, but minor variations among plots shoulgd

ffect on finay stand yield,

Righer mortality rates ip




In this study,

» Each get
consisted of g hardwood stang and an adjacent hemlock-har dwood mixture,

All grow on thin tig1 80ils. One get was 44 yearg old,

and the other
87.

A further direct comparison of the g8rowth of mixed

stands with
that of puyre hemlock was Mot possible becg

that form.
for this study,

STUDY SITES
— 8- liS

The BHarvarg Forest stands were

resulting from overstory destruction from hurricane winds
The Great Mountain Forest Stands,

utting ip 1895,

areas of the hardwood and hemlock-hardwood

ere distributed across a slope in ap irregular Pattern, within

801l type, The two hemlock
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stands were described jip that chapter

and apply to the adjacent hard-
wood standg as well,

METHODS

Stand measurements, In each set of Stands,
——————3Surements

a series of Plots was
located along 3 Systematic grig,

Plots were aggregated into Stands

Plot)} were included in harg-
If a plot clearly feyi 10 2 borderline Situation, where
It contained dense hemlock and part lacked hemlock entirely, j¢ was

Plot method was employed

> USing a prigp
a8al-greg factor of 2.3 4 /ha.




» Several dominpant oak

ation; these Were

+ Second, Present diameter Erowth rateg could

most recent five Years of growth,

.nce growth rings during the last two Years were severely reduced in

ameter and height ag independent variables.

d-by_felling and weighing entire trees, sampled from locations

All




length from the top of 4 30.5

TCm stump to gy UPPer limit of 1g cm
outside-bark stem diameter as

estimates of total cubic

length of Stem.

included ip volume calculations,

Data for the equations were collected

4s part of the Northeast Forest Survey of the U.s. Forest Service,

including Mmeasurements from 14 northeasg

Sample was thep Predicted using these €quations;

Yegression test
tistics are given ip Appendix 7,

The growth of species that
red ip only smalil numbers in the

e stands was calculated from the

L appropriate of these equations, bageq upon 2-10 sample trees for
these minor Species,

insideﬁbark basal

area was
Ppendix §;

wWas increased b
uations derj
as described

¥ the annua

ved from the ]
above;

ated using the eq

1 increment
Irent Erowth Tates,

ubsample of
ew'outside—bark basal area wag calculated using equations in
ndix §;




calculating the volume of each tree in Sample plots after current

annual bagal area increment was added,

and subtracting the original
volume,

Similar calculations were made for biomass. This method of

In all Statistiegl analyses, standarqg 8rror calculationsg reflect

he variance among plots within each stand, not that introduced by use

Many of the stems occurred gg advance growth, 10 to 20
at the time of disturbance,
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Red oak, Paper birch,
and black bireh dominated the UPPer stratum in the younge

¥ hemlock-
hardwood stand,

~har dwood miXtures,
In the hardwood stands, no species occupied the understory position

in
umbers comparable to those of hemlock,

respectively. Most hem~

Were in the smaller diameter classes—-5 o 1g Cm at age 44 and 5

Cm at age 87, Among hardwoods, more red ocak occurred in larger

€ter classes thap did other 8pecies; even paper birch and black

». which generally occurred in the UpPper canopy with oak, had
'diameters.
1d. Figure 27 shows comparisons of basal area yield between

Stands of both ages. Among hardwood species, only beech in

Stands showed g significant difference (greater in the hard-
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HF stang [44 yearg old)

Hemlock Red Red Black Paper
oak Mmaple birch birch

100 100 100 100

Density Hrces/hal
HF stand |44 years oldj
Red Red Black Paper
Hemiock oak maple birch birch
160 100

100
Density (trees/ ha}

s

and One-meter
hardwoogd st

height class,
and above,

hardwood Stand beloy,




GMF stand g7y Years oid)

Hemigock Red Red Black
oak maple cherry Beech
150 50 50 5

Density llrees/hal

Red Red Black
oak maple cherry Beech
50 50 50 50

Density Itrees/pay

25

Height [ m}

GMF Stand | g7 Years old}

Hemlock

by species and one-

meter height class,
hardwood stand aboy

€, hardyood stand below,

1fs




(44 years old)

Red Red Paper Black
clagg Hemlock oak maple birch birch Total

(em) ——————— —~Trees per hectare—~«~~-—~~~--~~~~
0 80 20 100
5 600 90 90 20 280 1189
0 830 130 180 100 300 1580

480 170 60 40 120 330
170 180 10 10 370
10 40 50
2170 610 340 160 730 4210

HARVARD FOREST HARDWOOD sranp (44 years o14)

Red Red Paper Black
Hemloek oak maple birch birch Total

20 20 80

50 150 150 340 1020
30 80 299 50 280 940
120 1310 130 100 480

150 70 10 10 240

40 40

80 540~ 640 190 750 2800
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Red Red Black

Hemlock oak maple cherry Beech Total
e ~~-—-Trees per hectare——---~——-—~~——~-—
0

283 64 347
127 12 13 153
168 88 62 317
159 14 40 17 231
81 25 27 14 5 153

39 36 15 8 100

14 38 4 1 57

8 34 3 3 1 50

5 23 2 1 30

3 3 1 7

2 2 4

1 1

885 176 190 29 164 1450

EAT MOUNTAIN FOREST HARDWOOD STAND (87 yearsg old)
Red Red Black

Hemiock oak maple cherry Beech Total
——————————— “T~=—-Trees per hectare—-~~~——-——~~~—-——
0

58 58

81 197 296

7 32 19 38

62 4 61 137

19 21 6 10 60

30 12 3 12 62

37 3 7 3 50

45 3 3 51

15 2 18

9 3 12

3 3

1 2

0

1

167 273" 25 306 : 838
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HF
50 $tands [ 44 years oid|

. He
D mlock-hardw00d stand
Hardvvood stand

FY
Q

Basal argg ’mz/ha]
w
IS

20

10

(UF) stands and

Vertical lines

f Harvard Forest
e from

(GMF) stands.
T-test results ar

d and hardwood

ns = No
T-tests:

Er

Figure 27. RBasal area yields o
Great Mountain Forest

show + 1 standard error unit.
comparisons between hemlock-hardwoo
ecies Eroup:

stands by each species or 8P
* significant differ

Black
Cherry

Al All

Beech
ardwoodsg species

= ence at

significant difference,
P = .05 level, ** = significant difference at P = .01
both paper birch and

level. Values for birch include

black birch.
GMF
stands | g7 Years oid]

50

) . Hemlock -hardwood stand
0~ Hardwood stand

o Hemige Reg
ocak
Al Al

hardwoods Species

e
ns
ns o
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wood stapg) between adjacent stands,

and this yag smal} Compared o
totail 5tand bagga] area,

At both ages

)
hardwood Component in the mixed stapg

the total basal area of the

1%
the total hardwood tand, byt these dif

significant.

a8 somewhat less than that of

ferencesg were not statistically

0g all species show that the

and 3,
again Teducing volume or

s» the hemlock-hardwood mixture
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Harvard Forest Stands -- 44 Years plgd

Mixed stand Hardwoog Stand
mean  (s,e,) mean (s.e.)
Hemlock 58.2 (3.9) 0.0 - x%
Red oak 61.9 (5.3) 59.9 (9.4) ns
Red mapje 7.7 (6.3) 27.1 (8.6) ns
Birct? 222 (4.5) 394 (7.8) ns
All hardwoogsg 95.4 (11.0) 120.8 (10.7) ns
3/ha) of hemlock-hardwood miﬁiﬁ
a ha) o ble gives mean,
ble 7. Stemwood volume? (n L anda. B e B s . ALl species 355 ¢ (9:6) 1208 (40, *
h stands zndrrzz of mean, andhreZ:ood stand by species © —_— —_— .
tandard err ith hardw if ferent, ;
zomparing mixed iza:dnzt Signlflcantlgsd;ivel,
species g?O?P;ntly different at g - .01 level, JData
*% = signific tly different at ds" include minor
*% = significan nyand 411 hardwoo ble
8 ; .
for Al spesies and L e
spec
Great Mountainp Forest Stands ~~ g7 Years olg
Mixed Stand Hardwoogd Stand
mean  (s,e,) mean (s.e,)
Hemlock 99.4 (14.1) 6.1 (3.0) #k
Red oak 134.6 (15.6) 149,46 (19.3) ns
Red maple 39.3 (9.8) 39.8 (9.9) ns
Black cherry 18.3 (5.3) 19,7 (6.2) ns
Beech 12.7 (4.6) 36.4 (9.9) %
All hardwoodg 206.6 (15.4) 251.9 (11.3) *
All Bpecieg 306.6 (11.3) 258.0 (12.1) %%

Wood in treeg 12.7 cm dbh, frop top of 30,5 Ct stump to
imit of 19 em butside-bark step diameter,

Bqth Paper birch apg black birch,
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Table 8, Aboveground biomass (t/ha) of hemlock—hardwood mixed
stands and hardwood stands, Sge legend for Table 7.

Harvard Forest stands -- 44 years old

Mixed stapd Hardwood stand

mean (s.e.) mean (s.e.)
Hemlock 63.4 (4.1) 0.9 (0.5) *k
Red oak 65.1 (5.8) 60.3 (9.6) ns
Red mapie 10.6 (5.3) 29.3 (8.1) ns
Birch 36.8 (8.3) 41.9 (9.2) ns

All hardwoods 117.8 (7.2) 141.8 (11.1) ns

All species  182.4 (5.3)  143.¢ (11.4) *%

Great’Mountain Forest stands ~- 87 years old

Mixed stand Hardwood stand

mean (s,e,) mearn (s.e.)
Hemlock 74,2 (8.8) 4.4 (2.2) &%
Red oak 124.9 (14.5) 137.,7 (17.8) ns
Red maple 29,9 (7.3) 31.0 (7.5) ns
Black cherry 14.6 (4.2) 15.7 (5.0) ns
Beech 13.5 (4.8) 36.2 (8.7) *
All hardwoodsg 184.3 (13.9) 228.2 (10.6) *

A1l species 258.5 (11.0) 232.6 (16.8) ns
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g the same ground space, whereas Over-story hemlocks had deep
théﬁding close to the ground, with po understory treeg beneath

‘Potential Production of thege €Xtra understory

hemlocks ig
ered jip these calculations,

Nerement. The higher yields of hemlock—hardwood stands
Veloped ip two ways, the mixed stands could have




the stands,

Alternatively, both kinds of stands could have Produced biomass at

approximately equal rates,

much longer periods
than associated hardwood species. Hemlock may add little to annual -
Production in any year, but may increase yield simply because it

survives for long periods and is present to be measured or recovered,

To assess the relative importance of these two alternative
Xplanatijons,

Current production levels were assessed. Basal aregs

Species across the range

I stem sizes Present. Regression equations relating current basal

each species and uged to

sample plots, as described

Figure 28 shoys Current annual basal area increment for all

Basal area increment in hemlock—hardwuod mixtures wasg greater

these relationships are similar to values for baga]

As in yield comparisons,

- Thus, the con-
on: of hemlock to current increment in the mixed gtangd was consi-

and yielq differences were not due simply to hemlock!

8 low -
‘date,
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DISCUSSION
——pgUh

Y

ield Comparisons, Ip the 44-year-o1g stands,

the hemlock-
hardwood mixture hag greater basal area,

as

Results were Suwilar in the 87-year-old Stands, in terms of basgal

and volume yield, but not of b

iomass——hardwood stand biomass yag

tét than that of the hardwood component of the mixture, and was not
-déntly different from the total biomass of the mixture. Thig

Data show that for a given amount of

::in the Overstory canopy, oak had more biomass than hemlock.




Harvard Forest stands

~= 44 years o1q

Mixed stand

Hardwood stand

mean (s.e.) mean (s.e.)
Hemlock 1.7 (0.1) 0.0 —— *k
Red oak 4.6 (0.4) 4.5 0.7) ns
Red maple 0.2 (0.2) 0.7 (0.2 ns
Bireh 0.6 (0.1) 0.8 (0.2) ns
All hardwoodsg 3.7 (0.6) 6.2 (0.7) ns
All species 7.4 {(0.5) 6.2 0.7) ns
Great Mountain Forest stands == 87 years old
Mixed stand Hardwood stand
mean (s.e,) mean (s.e.)
Hemlock 1.7 (0.2) 0.1 (0.1) Fk
Red oak 2.8 (0.3) 3.0 (0.4) ns
Red maple 0.6 0.1 0.6 (0.1) ns
Black cherry 0.3 (0.1) 0.3 (0.1) ns
Beech 0.3 (0.1) 0.8 (0.2) *
All hardwoodsg 4,0 (0.3) 4.9 (0.3) ns
All species 5.7 (0.3) 5.0 (0.3) *
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Table 190, Current annual incremeny of abovegroung biomass

Harvard Forest Stands -~ 44 Years old

Mixed stand Hardwoog stand o

mean  (s.e,) mean (s.e.)
Hemlock 2.2 (0.1) 0.0 - L
Red oak 5.1 (0.5) 4.8 (0.8) ns
Red mapie 0.4 (0.2) 0.8 (0.2) ns
Birch 1.1 (0.3) 1.2 (0.3) ns
All hardwoodg 6.9 (0.4) A (0.8) ns
All Specieg 9.1 (0.3) 7.5 (0.9) ns
Great Mountaip Forest Stands -- gy Years pld

Mixed Stand Hardwoog Stand

mean (s, e,) mean (s.e.)

' Hemlock 1.3 (0.2) 0.1 (0.04)  #x
Red oak 2.6 (0.3) 2.8 (0.4) ns
Red maple 0.4  (0.1) 0.4 (0.1) ns
Black cherry 0.2 (0.1 0.3 (0.1 s
Beech 0.3 (0.1) 0.8 (0.2) *
All hardwoodsg 3.6 (0.3) 4.4 0.3 *
All specieg 4.8 (0.2) 4,5 (0.3) ns




ix 9, Basal

the current study,

s Bingle-

and ig multiplied by.tree density to
e totgl Stand bjiomass, For this Study, the biomass of the tree
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Estimates of basal area, volume,

and biomagsg yield for Pure hem~
lock stands are given in Table 11,

together with the resultsg for standg
in the current study,

These Suggest that the basal area of pure

» and both exceed the volume
In biomass, hemlock stands appear tqo
have lower vields than either hardwood of m

to determination of site—quality class,

Probably most important are the differenc

' among Species,

In Chapter 2, it was shown that

¢

but
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Table 17, Sunmary of basal are
biomass Yields

and aboveground
Compositiop,

ferent species

Basal areg Volume Biomagg
(mz/ha) (m3/ha) (t/ha)
44-year-o14 Standg
Hardwoogq 27 121 144
Hemlock—hardwood 44 156 182
Hemlock 30 159 102
7~year-old Stands
Hardwoog 34 258 233
2 Hemlock-—ha_rdwood 48 306 259
‘Hemlock 44 320 189

Ume estimate
in stenm fr
diameter;

s for hardyeod
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the hardwoods, Primarily red cak,

grew into overstory positions early
in the development of the mixed st

the tops of the

the canopy provides 8 reasonable explanation for differences in pro-

duction between mixtures and hardwood Stands. Because of slow juvenile
height growth ang high degree of 8hade tolerance, hemlock wil] survive
.beneath the hardwoods and Capture the light not

«+ Thus, the growth

of hemlock is ap addition to stand Production whjch does not greatly
educe the Production of the other species. In Harper's terms, the
Production of the lower stratum of trees depends upon "the crumbg from

‘¥ich man's taplen (Harper 1977, p. 717).

- However, studies comparing the Physiology of sun-

:ade-adapted Plants, indicate that g

8, even if the

Foliage of shade-




complement effects of foliage strati

ficatiop in increasing the

Production of hemlock—hardwood Mixtureg,

2t a time whep temperatureg would Usually not pe
Ictive o photosynthesis.




it may thyg be comparabie to .
indicating that 4 vertical Separation
of the tweo major 8pecies,

red oak apg
found that,

s Mmixed

even though
composed of 4 shade-

tolerant SPecies, could not survive,

Slower 8rowing Speciesg,
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Mixtures of g sessile ggk Overstory witp a beech understory gave

similar Tesults., Updey a4 regime of light thinning, the mixegd stand

Produced Breater yields than pure %ak standg, Again, po compari soq

One eXperiment cited by Assmanp did Compare mixed Stands witp pure

Stands of tphe shade—tolerant Component Species, 1, thig case, produyc-

beech stand by 18% in terms of stemwood biomasg at age 90, Other vield

“8tudies ghoyeq that mixtureg of larch ang various shade—tolerant under-

Lrees a¢ Spacings of 1.25 1.25 m ¢to 1.ox 1.0 M, and were gyp-

thinned, 50 that development of g two-storied Canopy did




varying age, site quality, and Species Proportions,

In mixed Stands,
SPruce had slower height growth thap

understory Stratum by age 40

all Comparisong,

The evidence Provided by these 8tudies,

Plus the results of the
Present investigation,

show consistency

ixed stanpdg Produced greater yields tha

0ds of the shade*tolerant Species;

“and §pruce-fjr mixtures,
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Abundan¢ evidence from

ies shoy that Mixtureg involving

3 however, if

stand yjelq was less thap







e

14]

CHAPTER ¢

Conclusiopg
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SUM

MARY OF FINDINGS
T————= 2 ITDINGS

Focug of stud .

——— 22 study

-and seedling Bprouts,

"following disturbance.

the UPPer stratyp consisted of

» and paper birch, In the 87-year-o14
_ﬁcomprised mainly of

red oak, with lesser amounts of black
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cherry, red maple, and hemlock,

Birch angd cherry species became establi

grew rapidly jip height, ang dominated the UPpPer camopy by age 14,

that age, red ocak, red maple,

At

and hemlock 0ccurred only ip lower canopy

pPositions beneath thoge Species, Previous Studies (McKinnon et a

1935, Spurr 1956, 0liver 1978) have shown that where larger advance

these

+ along with the

:Late Stages of develoEEent.

d showed that

Scattered
dpparently the game age as the Rajority of the st

and, grey
eNnts gboye the main canopy level.

Portions of this stand




clumps; for many of the single Stemg,

rapid eyep in the first Year,

Seedling oy Smal}] Stump,

growth, Hemlock originating as smalj
Jjuvenile growth,




residuals grey into the overstory straty

Position gt age 87,

height growth,

Hem

lock Crown abrasion.

absent ip 13 Overstory hemlocks sampled

had flat tops,

eath of terminals,
Canogz Structure of Stands lacking bhemlock, Stands which were

located adjacent tgq the hemlock-hardwood Study stands ang identifjed as

site conditions,
and species composition, €Xcept for the absence of
In the Younger stands,

the hemlock—hardwood miXture also




adjacent hardwood stand.

greater biomass jip the mixed stand, but the difference wag not

statistically significant;

occur with g complete hardwood overstory, Also, the hardwood stand had
a greater density of beech understory, partly compensating for the

absence of hemlock,

« Thus, even at age 87,
hen most hemlocks had been inp overtopped positi

Red oak, red maple, black

and hemlock develop mainly from advance-growth seedlings, or

umps of Overstory trees, Cherry and birch species became

shed in the firgt years following disturbance. Subsequent




Telay floristicg mode],

first 4p Years,

At the time of the hurricane,
ontained little kemlock Tegenerat
1d-f

these plotg had

ion,
ield Pine stangs
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floristics model) with the Preésence of hepy

ock being dependent upon itse
OCCurrence g4 advance growth.

Only in those areag where hemlock

character,

D

eveloEment of canopy structure,

in even-aged hemlock—hardwaod Stands developing

growth. 1Ip such Stands,

Tegeneration, Young stangds

If Present, pip

and paper pirch seedlings grow

form much of the upper canopy

» 1935, Spurr 1956), However, no clear pattern

f canopy Stratificatiop among hardwoodg Spec

arly stages,

composed of many specijes 8rowing ip
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One set of species can tolerate gy
periods,

die,

pling stage. Thege

TYeach Beénescence,
Pin Cherry djes first, usually by age 29 to 30; gray
birch liveg somewhat longer, but by age 40 has disappeared from most
stands (McKinnop et al. 1935)

but Standing,

At this 4ge the upper Stratum thug
consists of reg oak,

red maple, black birch, ang Paper birch. 1f
Present,

black cherry would also likely oceyr in the UPPer canopy at

» although for the bb~year-ol4 study Btand, thig species had

eéen eliminated by forest tent caterpillarg (Malacos

oma disstria) early
~development (Spurr 1950),

» and dominate the

Red oak ig also the dominant

g of the overstory in the 135-year-o14 Stand., It egp withstand

& better thap the other Bpecies ip

early Years, but generally by




Red maple ang black birch also have sufficiently

rapid hejght

growth to stay in the overstory ip early Stages, but they gradually
become overtopped when competing with red oak (Oliver 1978). 1
contrast to the 8peciesg described above,

these tyo species are
sufficiently shade-

extended Periods.

44 in the Current study, By age 87, nearly al]l red maple were ip
intermediate to understory Canopy positions, Black birch was absent
from this stand,

although Oliver (1978) found that it too could Burvive

in lower €anopy positions to this age,

During thisg entire period of development,

hemlock forms a densge
understory layer,

~Year-old stands of the current study.

- Hemlock cap survive for longer periods in overto

pped positionsg
associated species. Thus,

it can be found throughout the canopy
ta, unlike other specjes. In later years, the taller overtopped




in the range of heights ang Stem

As the most shade—tolerant Species,

diametersg and heights 54 any stage;

One dating frogp the major cg4

the previous Stand,

s but eventually

and thus gre not obvious ag an

This Situatiop OCcurred ip the hemloek

~hardwood
ands of the Current study,

Prevalent among advane

e
Canopy Stratificatiop is less distinct,

'é;ation,
Com etition for Crown space.
» Benerally jp

» Tarbox ang Reed 1924),

0

Specieg conifer stapdg (e.g.

However,
entia} role of crown abrasio

in interspecific competition hag
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not been recognized in ecological literature,

Reduction of limited
resources——light, water,

In a discussion

Chapter 11)

In thesge Stands,

overstory trees
certainly redyce the light available to understory h

emlocks, angd likely
reduce other Tesource levels ag well, the height and diameter

even in the 135-year-o1d stand,

fProductivitz of species miXturesg,

In some of these eXperiments, different

€5 of a single Species have beep used to Iimit the dimensions of
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In contrast, other comparisong described by Assmanp show that fop

eech, black birch, ang ted maple, byt had Varying amountg of specieg




SILY

ICULTURAL IMPLICATIONS

This study indicateg that
England,

€ and clearing for agrj-
s only 10-20z of second- and third—growth hardwoeg

ﬂs on the Yale and Harvargd Forests contain gp important hemlocy

45, Spurr 1950), Considerable Potential
s_for Conversjop of these standg to hemlock

—hardwood Nixtures,
ential a8dvantages of hemlock- In Untreated
5 over hardwood standg Comes

, low—quality Material. For €Xample, the




pPaper birch, and other
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rabbits, turkeys,

Iock—hardwoods being the best
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overali habitat for the latter Species.

Regeneration. Considerable evidence has shown that for oak, the

(Sander 1971, Clark and Watt 1971, Ashley 1979) have been made for

birch, These oakg may or may not €ventual 1y 8TOW into maip canopy

luding 1~year—old Seedlings, grew rapidly after Canopy removal and
Cupied dominant Positiong in young Stands, Black cherry cap also

0me e8tabligheqd after canopy Temoval, pyt the presence of abundang




an be geen ip photographs in Figure'lé,
¥, because many of the

although
cones were lost durin
foliage,

g




Yet not greatly inhipje
Given Preper conditions,

advance growth



Int

ermediate treatments,

Since Production of high quality
Sawtimbey op Veneer logs jg the

dominateg Stands,

s although the long~ternm

is not known.



of mixed Stands. It can simply be left in a dense under story,

and
utilized for wood fiber only. oOr

Even if thinning of the hardwood canopy is not designed to
produce overstory hemlocks, such Practice inevitably creates temporary

canopy gaps, letting light Pass through to the understory hemlock,

In
hardwood stands,

these gaps represent canopy space lost to any timber

production. Thus the yield difference between mixed stands and

hardwood stands would likely be greater with management than for the

unthinned stands of this study.

Yields of hemlock sawtimber could be further increased by

lengthening the rotation for hemlock over that for oak and other
hardwoods, ag with a silvicultural Plan of the kind described by Smith
(1962),

with
s and
-formed hemlocks. Such a
scheme would not be justified in other forest types in which the

inder story ig comprised only of small, poorly formed trees of low
80T . However, larger understory hemlocks have considerable size and

Or, as observed in this study,

and many would be just reaching

imum size for sawtimber at the end of a 70-90 year rotation for oak
cherry, Observations in southern Ney England stands indicate that

small hemlocks can respond to release following long periods of

ression (Marshall 1924, Oliver and Stephens 1977), Also, because
ock ig negatively geotrophic, it maintains a straight stem when

ing in ap Overtopped position; this is in marked contrast to
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phototrophic hardwood species. Two factors concerning regeneration

would require attention in this sequential harvesting of the two stand

components——sufficient numbers of desirable hardwood species should be

retained with the hemlock to act as geed source,

and residual hemlocks
should not be go dense, nor Tetained for so long, as to inhibit the
establishment ang survival of seedlings of the less shade-tolerant

and where maximizing

For example, much

forestry practice consists of growing single-

species plantations of

shade—intolerant conifers,

A
the cost of such Practice often inveolves control
of dense understory vegetation which develops in these pPlantations and

inhibits subsequent Tegeneration efforts, 1q these 8ituations, the
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APPENDIX 1.

i 1 £ 3 lon in text.
Common and Scientifjc Dames of Plants mentioned j e

Common name

Ash, white
Aspen Spp.
Beech, Amerjecan
(or simply beech)
Beech, European
Birch, black
gray
Paper
vellow
Blackberry
Cherry, black
pin
Chestnyt

Douglas—fir
Fern, hay—scented

Fir, silver (European)
Hemlock, eastern

western
Hickory, shagbark
Larch, European
Hop—hornbeam

Maple, red
sugar

Mountain*laurel
Oak, black
northern red
Or simply red oak)
5essile
white
Pine, white
Scoteh
Raspberry
Ryegrassg
Spruce, Norway
Sitka
Yellow—poplar

Scientific name!

Fraxinus americana [,,
P -
Opulus spp

Fagug grandifoljg Ehrh,

Fagus Sylvatica I,.

Betula lenta T,

—_1a . .

Betulg opulifopiia Marsh,

Betula Papyriferg Marsh
y .

- : "

ieﬁulasalleghanlen81s Britton
ubus spp,

Prunyg Serotina Ehrh,
P .
Prunys Pensylvanicy L.£f,
Castaneg dentata (Marsgh.,)
Borkh, > Seitata

Pseudotsug, menziesii (Mirp,)
Franco I

Dennstaedtia Punctilobuia
mr e
Abies aiba Mill.

Tsugga Canadensig L. Carr,

Tsuga heterophylila (Raf.) Sarg,

Carza Ovata (Hill.) K. Koch
Larix decidua Milj,

Ostrya Virginiang (Mi11,) g,
oc
Acer rubrum I,,

Acer Saccharup Marsh,

Kalmia latlfo}la f-

Quercyg veluting am,

Quercysg rubra 1.,

Quercusg Sess8iliflora
Quercyg alba 1,
P}nus Strobus F.
Pinus 3 lvestrig L.
Rubus sSpp.

Lolj
Olium perenne
o—— -
Picea abies (T.) Karst,

Piceg Sttchengjg (Bong, ) Carr,

Liriodendron tulipifera L,
————=—="00 tulipifera

';upon Fernald (1950) for North Americanp Species,




APPENDIX 2

Location gg_studz sites,

®HARVARD
'FOREST

MASSACHUSETTS

®GREAT MTN.
FOREST

O@CATLIN
Woop

CONNE

Long Island

. 50 km
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APPENDIX 3,

Analysisg Of height growth frop stem-dissectign measurements,

Data collected by step dissection Procedures present difficulty in
analysis; the information desired ip this cage ig average height 4t
given age intervalsg for each Species, However, data are in the form of

ages measyred at given height intervalsg, This precludes normal

In site~jindex Studies, regression ®quations are theq fit to thege

average height~age curves, Resulting squared Correlatiop coefficientg

a8Ccording tg usual methods,



APPENDIX 4

plots,

Figure 4-

1 gives results of reconstruction of height growth

of trees in 87-year-o1d stand;

see Chapter 2 for Sampling Procedures,
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Figure 4-1,

1960 1960

Year

€eés growing in direct
in plots ip 87-year-oig Great Mountajn
Each Braph giveg results of onpe
consisting of an overstory red oak,
ck cherry, ang two understory hemlock.
me of stand-initiating disturbance,

competition,

Forest stand,
four~tree plot,
an overstory bla
Arrow denotes ¢ti
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APPENDIX 5

Catlin Wood,

« The
area lies in g contact zone between soils derived frop glacial til1 ang
those derived from Stratified outwash sands and gravels The tili

+ ON parts of the
former woodilot where vegetation sample plots were 1

ocated (compare
Figures 5-1 ang 5-2.)

Vegetation sample plots.

The 12 plots measured in thig study

Were part of g grid of Pe€rmanent sample plots insta

Litchfield, Connecticut,

Figure 5-2 alsgo shows the areas where selecti

ve logging occurred
in 1972, The Stumps used for stang age determiration (see Chapter 4)

were located ip these areas.

ltchfield Town Clerk's Office).

The description includes references
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Soils map of Catlin Wood, from the Soil Survey of
Litchfield County (U.S. Dept. Agric., Soil Comns. Serv.
1970) and Siccama (1981).

Figure 5-1.

Improved road
s=zz Major bridle trail
Minor trail
Intermittent stream

10-ft. contour lines

Boundary of soil type

Soils: (symbols are those used in Soil Survey)

Glacial till origin

ChB Charlton stony fine sandy loam; well-drained.

PbB Paxton fine sandy loam; well-drained; internal
drainage is restricted by a hardpan layer.
at a depth of about 60 cm.

Leicester, Ridgebury, and Whitman very stony
fine sandy loamj; poorly to very poorly .
drained,

Stratified outwash sands and gravels

Au Au Gres loamy fine sand; poorly drained.

DeA Deerfield loamy fine sand; moderately well-d

Sb Saco silt loam; very poorly drained (on fi

WvB Windsor loamy fine sand; excessively drain
Qrganic

Pk Peat and muck; water table at or mear sd




Figure 5~2. Locations of study plots in Catlin

Improved road

900
l
920

Major bridle trail
Minor trail

Intermittent stream

10-ft. contour lines

910

-—_ -

T e
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in 3~meter height c¢lasses; midpoints of classes
eee) are given

in centimeters
(1.5, 4.5, 7.5
1 - hemlock

2 - red oak

3 - red maple

9 - white pine
10 - sugar maple

5 - beech
11 - white oak

Plot numbers correspond te those on map in Figure 5-2,
12
13 -

Data from 12 plots in Catlin Wood woodlot area, for
trees 10 om and greater in breast-height diameter

DBH:
HTs
SPP:

Table 5-1.
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(continued)

Tahle 5-1,

HT

SPp DBH

PLOT

SPP OBH HT

PLOT
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1

(continued)

Table 5-3,

SPP ' DBH HY PLOT sPp

PLOT
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On the first 60—acre Pitch, the town school was assigned a block

oW in the eastern half of Catlin Wood (Deed 1-70R),

Adjacent to the
West on the second round of 60-acre Pitches, Abraham Goodwin was
assigned just over one-half of hig pitch (Deed 1-153R)., Ris father
Nathaniel was ap original Proprietor of the town, but in 1723724 gave
his land, both divided and undivided, to Abraham~—thus, Abrahap

received the Catlin Wood pitch directly (see Figure 18a)

Isaac Bissell, also an origingl Proprietor,

right land (Deed 2-371) and transferred it to his

sold it in 1743 (Deed 4-

bought the school-

8on Isaac Jr., who

74) to Phineag Bradley of New Haven. o0
February 20, 1749750, Captain William Marsh,

son of Captain Johp Marsh,
the founder of the town, purchased the western 25-acre Portion of
Bradley's land (Deed 4-345) ;

Bee Figure 18p, This was transferred to

Captain Wm. Marsh's son William in 1790 (peed 18-115) .-

Meanwhile, on the western edge of Marsh's land, Phineas Goodwin

acquired the western half of Catlin Wood from (his father?) Abraham,

date unknown. Phineas died as a prisoner of war dur

ing the Revolution,
and Micah Goodwin acquired the land,

This completes transactions to
1815,

shown in Figure 18c¢,

y at
least in 1816, Micah Goodwin owned 5 sawmill and &ristmill one mile
South of Litchfield on the Bantam River, which would be about one mile

Captain William Marsh
‘ owned a8 mill of some sort, which he transferred to hig son William's

~Ownership in 1790 (Deed 18-115).

This was on Chestnut Hill, about 2



Augusta, Georgia

s who was acquiring parcels of 1and

and east to forp g farm. Thompson heild the land untjj he died in 1868,

and his heirs golq the farm to ¢. B, Webster. 4t that time, the land

south of Webster Road was Supporting a crop of rye,

The history of ownership of the western (Micah Goodwin) portion is

much more complex than the Marsh half, ip part because all of the

Participantg Seemed to be Overextended in their fi
1817, Micah Goodwin died
29-436,7).

Property. It

was surveyed in 1823 (Survey 22-409), but the road was apparently not

completed untig sometime after 1836, An 1824 deed (Deed 32-383) for g

Part of the Goodwin and Galpin 1and does describe the southern boundary

48 a highway, but 4 deed dated 1836 (Deed 41-272) states that the

southern boundary jg the land of Julius Deming, but jig "subject to g

»" implying that the road did not

and

In 1830, Prescott

ould not Pay his debt, go he signed a quit—claim deed for the southern
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4.5 acres (Deed 38-105),

and reclaimed the northern 11 8Cres; see

Figure 18e. James Prescott then sold the lang t

1832 (Deed 39-

=332) in 1844, Meanwhile,

the firm of Goodwin
and Galpin had been dissolved,

and Galpin sold the land to p, 8. Beebe
in 1836 (Deed 41-272),

In 1869, c. B. Webster Purchased the Beebe land (Deed 63

-603).
The year before, Webster had bPurchased the Thompson farm and the
eastern half of Catlin Wood, so he apparently wgs adding adjacent

Parcels to increase the size of the farm, Thus, most of the land of

Catlin Wood was tonsolidated into 5 single ownership for the first time

in 1869; gee Figure 18f,

In 1856 (Deed 557-486) , George Prescott solgq the northwestern

Portion to the Litchfield County surveyor Arthur D, Catlin and hisg wife

It was from the Catlins (Deed 83-241) in 1911,

and the
Websters (Deed 83-415) in 1913,

that Alain and May White acquired

Catlin Wood as Part of the formatjon of what is noy the White Memorial
Foundation Property,
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APPENDIX ¢

Equations for estimation of volume and biomass.
_E______~.~__.__________A__‘___-_,q__

Table 6-1 1ists equations used for estimation of individual-

tree
aboveground biomass. Table 6

of 10 em outside bark,
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APPENDIX 7.

Estimation of basal ares growth_g£ individual trees,

important species, and current basal areg growth was calculated from
two increment cores from each tree. When basa] area growth was related

to basal ares in linear regressions, residyal variances proyed to be

form:

where Y = bagal area growth, X = basal area, and a and b =

These equations Were used to predict the current basal areg growth
of each tree ip the fult sample, based upon their present basal area.
.To do this, the logarithmic regression equations had to be converted

back to arithmetic units. This cannot be done directly, simply by
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determining antilogarithms, since this will give the median rather than
the mean Y value for each X, and will result in a consistent
underestimate (Baskerville 1972). The unbiased prediction of the mean

Y for each X in arithmetic units is of the form:

Y = o{In(b) + a In(X) + s %2)

where Y = predicted basal-area growth, s2 = sample variance of

regression equation, and others as above.
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APPENDIX 8

Relationship of diameter inside bark to diameter outside bark.

Regression equations, from Oliver (1978), were used to calculate

diameter inside bark from measured diameter outside bark. Equations were
of the form:

where 0 = outside-bark diameter (mm), I = inside~bark diameter (mm) ,
Regression statistics are given below.

Speciesa bl b2 Speciesb
Hemlock 1.2594 0.9692 Hemlock
Red oak 1,2821 0.9676 Red oak
Red maple 1.1896 0.9748 Red maple -
Black cherry 1.1822 0.9803 Black chérry
Black birch 1.2050 0.9781 Black birch, yellow birch
beech, white ash, shagbark
. hickory
Grey and paper
birch 1.2381 0.9689 Paper birch
White pine 1.404 0.9458 White pine
Sugar maple 1.1418 0.9887 Sugar maple
White oak 1.5348 0.9279 White oak, chestnut,

hop-hornbeam

aSpecies as listed in Oliver (1978).

Species for which each equation was used in this study.
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APPENDIX 9

, Estimation of yields of pure hemiock stands.

The yield study of Merrili and Hawley (1924) was used to estimate }
basal area and volume of pure hemlock stands similar in age and site

quality to those measured in the present study., That study

incorporated data from 62 plots varying in size from 0.1 to 1.4 acres.

Each was pure hemlock; potential plots were eliminated from the study

by the presence of any hardwoods, hardwood stumps, or evidence from

hemlock growth ring patterns of hardwood competition at early ages,

Thus, the data Tepresent hemlock stands which grew free of competition

throughout their life. This is similar to the situation for the

hardwood and hemlock-hardwood stands measured in this study. The plots

of the Merrill and Hawley study were mnot selected according to a pre-

determined density criterion for "full—stocking",

-

a2s in many yield
studies. The only criterion was that the ground area was fully

[
occupied by hemlock crowns.

Age measurement of each sample plot was made from increment cores

taken at breast height, or some other height. Measurements of seedling

growth were made in order to determine the time required for a hemlock !

to grow from germination to various heights; these showed that it togk %

9.5 years to attain breast height, and 10 years to reach 1.5 m, Total

age of each plot was estimated by adding the appropriate number of

years from the seedling study to the age determined from the increment

cores.
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In the current study, stand age was measured beginning at the time

of release by overstory disturbance. Trees of the new stand were

already present as advance growth, usually | to 2 meters in height, or

they sprouted from an established root system and reached a height of 1

to 2 meters in the first year.

In order to equalize results of the two methods of expressing age,

10 years was subtracted from the ages reported in the yield tables.
Thus the yields that are compared are those that result from growth
during the period that the dominants grew from 1.5 meters in height to
their attained height at the time of measurement .,

Site-quality class in the hemlock yield tables was based upon the
average height of dominants. Comparison of table values with the

heights of the few hemlock dominants that occurred in the hemlock-

hardwood mixtures of this study showed that the site-quality class

designated as "60 feet at age 80" was appropriate. Basal area and
volume yields for stands of this site quality at age 44 (table value of
age 54) and age 87 (table value of age 97) were determined by linear
interpolation between values given for 10

~year age classes, as given in

Table 9-].

Yields for stands of the next higher site-quality class "70 feet

at age 80" are also given in Table 9-1.




Table 9-1., vields of pure hemlock stands,

(1924; Table V).

from Merrill and Hawley

Height of Tree

Stemwood
Stand age? dominants density  Basal area volume Biomass
(years) {m) (#/ha) (mz/ha) (m3/ha) (t/ha)
Site-quality class--60 feet at 80 years
44 13.9 1720 29.8 159 102
87 20.8 664 43.9 320 189
Site quality class—-70 feet at 80 years
&4 16.8 1477 38.0 211 142
87 23.8 504 54,2 430 246

Hawley. See text of Appendix f

bIn the hemlock-
lock dominants

hardwood stands of the present study,
averaged 13 m at age 44 and 18 m at ag

that given in Table V of Merrill and
or explanation,

height of hem~
e 87,
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APPENDIX 10

"Stratification™ defined.

Although the term "stratification" had been used as early as 1919
in describing tropical forest canopy structure, the concept was
advanced primarily by the work of Richards (1952). Since his work, the

term has been used for various purposes, to denote only distinctions

among tree, shrub, and herbaceous layers, or among different tree
layers where canopy layers are separated by a horizontal gap in which
foliage is less dense or absent. However, Richards' original

definition simply equated "stratum" with "story" or "layer," as

follows:

By a stratum or story is meant a layer of trees
whose crowns vary in height about a mean. Ir a

several-layered forest community each stratum will
have a distinctive floristic composition.... The
crowns of young trees of a higher stratum and

+  exceptionally tall ones of a lower will also be found
between one stratum and the next; if such individuals
are numerous, as is often the case, there will be
little vertical discontinuity between neighbouring
strata and the stratification will be much obscured.
{Richards 1952, p. 23)

Smith (1962) used Richards' definition in applying the concept of
stratification to the structure of temperate forests, and it 1s in this
sense that it is used in the current study. Thus, the foliage of the
total forest camopy may form 2 fairly continuous vertical distribution,
but if the upper portions are composed of different species than the
lower, these portions are considered different strata. The terms
"upper and lower canopy positions" and "overstory and understory" are

equivalent to "upper and lower canopy strata" in the present study, as

they were in Richards' and Smith's terminology. Such terms are

e
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preferable to those of "dominant, codominant, intermediate, and

overtopped canopy positions'" as frequently used in forestry literature,
These latter terms were developed for even-aged, single-species stands,
and carry with them connotations of vigor and growth rate that may not

hold for trees in mixed-species or uneven-aged stands.
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