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Development of
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Northern Hardwoods

on Bartlett Experimental Forest
—a 22-Year Record
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William B. Leak

NORTHERN hardwood forests provide the industries of New

England with their most valuable woods: yellow birch
and sugar maple for veneer, paper birch for turning stock,
and other hardwood species for a variety of specialty prod-
ucts. As a result of recent developments in hardwood pulp-
ing, these northern hardwood forests now represent a tremen-
dous reservoir of raw material to the pulp and paper indus-
try. To ensure a continued and balanced supply of timber
for these wood-using industries, foresters must be well
equipped with information on the growth and development of
northern hardwoods.

The available literature on growth of northern hard-
woods is concerned largely with stand behavior during the
first few years after cutting. In contrast, this report
describes the development of undisturbed! old-growth north-

1There has been no cutting in these stands since establishment of the plots in

1931-32, and little cutting previously since about 1900.




ern hardwoods (fig. 1) over an average period of 22 years
(range of 19 to 25 years)o The information is based on
records from 50 permanent Y%-acre cruise plots located on the
Bartlett Experimental Forest in New Hampshire--a 2,600-acre
tract that is fairly typical of many hardwood forests in New
England.

The plots were established in 1931 to 1932. Remeas-
urements were taken in 1939-40 and again in 1950-58. The
two growth periods 1931-39 and 1940-38 are used as the basis
for the data and discussion,

Growth & Development

During the whole 22-year period, basal area per acre
increased from 104 to 127 square feet per acre (table 1).
Previous experience on the Bartlett Experimental Forest in-
dicates that 127 square feet is near the maximum that can be
sustained in old-growth northern hardwood stands.

Table l.--Periodic growth and development in trees 4.6 inches d.b.h. and larger
.1
Year Trses Hasal ared Accretion Mortality Ingrowth Production
per acre per acre
Number Square Square feet of basal area per acre per year
feet
1931-32 201 104
2,25 0.65 0.28 1.88
1939-40 206 119
1.75 1.41 27 .61
1950-58 202 127

1Production equals accretion minus mortality plus ingrowthj it is the average an-

nual change in basal area during a growth period.

Annual production during the second growth period was
about one-third of that during the first period--a result of
decreased growth on the initial trees (decreased accretion)
and higher mortality (table 1). The drop in accretion was
probably due in part to the higher stand density that pre-
vailed during the second growth period. A large share of
the increased mortality during the second growth period was
caused by the death of many large beech trees from the beech
scale-Nectria complex, first discovered in this area in 1939.
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higher production was associated with larger size class up
through 16 to 20 inches. Production dropped again in the
21+ inch class as mortality took its toll.

Table 2.--Average annual production of trees 4.6 inches d.b.h.

and larger, by growth periods and size classes

(Square feet of basal area per acre)

D.b.h. size class, in inches
Year All
5~10 l 11-15 l 16-20 l 21+
1931-32
0.11 0.35 0.84 0.58 1.88
1939-40
-.20 .20 .59 .02 .61
1950-58

The net effects of this parabolic trend in growth
over the 22-year period were an increase of 9 percent in the
proportion of basal area in trees of 16 to 20 inches, and a
decrease in the 21+ inch class of 1 percent (table 3). This

Table 3.--Percentage distribution of basal

area by size classes and year--trees 5.0

inches d.b.h. and larger

D. b.h.
group 1931-32 1950-58
(inches)
Percent Percent
5-10 38 31
11-15 34 33
16-20 18 27
21+ 10 9

trend indicates that high-graded old-growth northern hard-
woods--barring heavy losses from disease or windthrow--will
gradually regain the characteristics of the virgin forest,
which contained a high proportion of its growing stock in
trees 16 inches and larger,




Species Behavior

Moderate changes in species composition occurred dur-
ing the 22-year period (table 4).2 Heavy mortality of large
beech trees during the second growth period, coupled with a
moderate rate of growth during the first period, was respon-
sible for a 3-percent drop in the proportion of this species,

Low or negative production of yellow birch in all
size classes was reflected by a 4-percent decline in its
representation. Eastern hemlock made moderate to good growth
in most size classes for both growth periods, followed by
sugar maple. Hence the percentages of these species increas-
ed slightly. The proportion of red maple increased 5 percent
because of its exceptionally good growth in all size classes
up through the 16- to 20-inch class. Although paper birch
also grew well in the smaller size classes, generally poor
performance in the 16- to 20- and 21+ inch classes con-
tributed to its slight decline.

Table 4.--Species composition in percent of basal area, by years

Yellow Sugar Red Paper White Red Eastern 1
Y, 0
ear Beech birch maple maple birch ash spruce hemlock thers
1931-32 44 17 11 8 5 1 4 9 1
1939-40 43 16 11 9 ) 2 3 10 1
1950-58 41 13 12 13 4 2 3 12 e

Includes small proportions of aspen, pin cherry, striped maple, red oak, black ash, and
balsam fir.

Drawing on past experience at the Bartlett Experi-
mental Forest, coupled with close examination of the 50
cruise-plot records, we can generalize on species behavior
i)y unmanaged northern hardwoods as follows: the growth pat-
tern of a given species is largely a function of tolerance,
longevity, and relative growth rate.,

The tolerant and long-lived beech, sugar maple, and
eastern hemlock show a fairly steady increase in production
rate’ with increased d.b.h. wup through the 2l-inch and
larger d.b.h. size class.

Aﬂhite ash, red spruce, and other miscellaneous species are excluded from the
discussion because of insufficient data.

3production rate equals annual production in basal area expressed as a percent-
age of the initial basal area in a size clagss,
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Figure 2.--A group of mature to overmature paper
birch trees, ranging up to 16 inches d.b.h.




The 1less tolerant and shorter-lived red maple and
paper birch usually occur as essentially even-aged groups,
occupying small openings within these uneven-aged old-growth
forests., Depending upon the size of the opening and the
severity of overhead and side competition, production rate
in the 5- to 10-inch class varies from fair to good, With
the increased light available to the dominant and codominant
trees of 11 to 15 inches d.b.h., production rates of these
fast-growing species greatly improve. Paper birch reaches
maturity and begins to decline rapidly at or before 16 inch-
es (fig. 2). The production rate of red maple appears to
level off between 16 and 20 inches.

The slow growth4 and intermediate tolerance of yellow
birch are responsible for its unique performance in un-
managed old-growth stands. The saplings that become estab-
lished in small openings are often quickly outstripped by
faster-growing associates. Since the species cannot with-
stand suppression for long, mortality is high and production
is low in the 5- to 10-inch size classes. Fairly good growth
is sometimes exhibited by trees of 11 to 15 inches which
have maintained a dominant or codominant position in the
canopy. But, although yellow birch is fairly long-lived,
production rates in larger size classes generally drop be-
cause of heavy mortality and decreased vigor.

Conclusion

This information on the development of an unmanaged
northern hardwood stand and its component species gives some
indication of the growth potential of these forests as well
as the need and opportunities for skillful management. De-
pending upon the objectives of the owner, appropriate cut-
ting methods may vary widely. But success under any system
will depend to a large extent upon accurate evaluation and
full consideration of the tolerance, longevity, and relative
growth rates of each major species.

4'Ihere is ample evidence that yellow birch is one of the slowest growing, if not
the slowest growing, component of northern hardwood forests. See Jensen, V.S., Sug-
gestions for the management of northern hardwood stands in the Northeast, Jour. For-
estry 41: 180-185, 1943; and Gilbert, A.M., et al., Growth behavior of northern hard-
woods after a partial cutting, Jour. Forestry 353: 488 -492, 1955.






