Some Effects of Stand Density and Deer
Browsing on Reproduction in an Adirondack

Hardwood Stand

THE NORTHERN HARDWOOD stands
of the Adirondack region of New
York constitute a major natural
resource, the basis of one of the
few year-round industries of the
area. However, knowledge of their
silviculture and potential produc-
tivity is limited.

The results of an exploratory
study begun in 19382 provide some
information about the problems in-
volved in the management of north-
ern hardwoods in the Adirondacks.

1The authors are research foresters sta-
tioned at the Adirondack Research Cen-
ter, Paul Smiths, New York, which is
maintained by the Northeastern Forest
Experiment Station in cooperation with
Paul Smiths College. This study was car-
ried on in cooperation with Cornell Uni-
versity.

*Established by M. Westveld and B. H.
Plusnin of the Northeastern Forest Ex-
periment Station and A. B. Recknagel
of Cornell University.

Three types of cutting were ap-
plied in a mature stand located
near Newcomb, New York,

The Study

The study area—The study was
conducted on four contiguous
square plots, each 214 acres in area.
All measurements were taken on
a l-acre square in the center of
each plot. The remaining 1%
acres served as an isolation strip,
receiving the same treatment as
the rest of the plot.

The original study contained
three plots: ‘‘clear-cut,”” ‘‘selee-

tion,”” and ‘‘untreated control,”’
established in 1938-39. A fourth
plot, ‘‘shelterwood,”” was estab-

lished in 1949.

The stand composition and size-
class distribution of trees on the
plots were similar before treatment

F16. 1.—Some Adirondack old-growth hardwood stands consist of an overstory of
large hard maple, yellow birch, and a few beech, with an abundanece of the more
tolerant beech in the understory. The development of this understory beech after
cutting is a major problem in the management of such stands.
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(Figs. 1 and 2). The average basal
area was 112 square feet per acre
(trees 6 inches d.b.h. and larger).
There were few red spruce (Picea
rubens Sarg.) of merchantable size
in the stand, though some seed-
lings, saplings, and poles were
present. The shelterwood plot con-
tained a few more white ash
(Frazinus americana 1..) of seed-
bearing size than the other plots.
No record of the past history of
the stand was available.

Soils and drainage were similar
on all plots, except that the east
one-third of the clear-cut plot was
less well drained. The soil was
Essex sandy loam (soils map by
R. F. Chandler et al., 1939). The
floristic cover type was Viburnum
(5). The plots were located on a
well-drained moderate slope of
casterly aspect, at an elevation of
approximately 1,600 feet.

Plot treatments—The control
plot was not cut or disturbed in
any way. On the clear-cut plot, all
hardwoods 214 inches d.b.h. and
larger were cut in the winter of
1938-39.

The selection plot received two
light cuts: (1) The first, in the
winter of 1938-39, left a residual
stand of 72 square feet per acre
in trees 6 inches d.b.h, and larger.
(2) The second, in 1949, removed
29 square feet per acre, leaving a
residual basal area of 65 square
feet. This last was a simulated cut,
done by poisoning. Nearly all the
trees removed were poor-quality
beech (Fagus grandifolia Ehrh.).

One-half of both the clear-cut
and selection plots was mowed at
the time of initial treatment. All
shrubs and hardwood stems less
than 214 inches d.b.h. were cut at
ground level.
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On the shelterwood plot, estab-
lished 10 years after the others, in
1949, the treatment was a simu-
lated first cut of a two-cut shelter-
wood. Nearly 57 percent of the
basal area was poisoned (mostly
beech) in August 1949, leaving 48
square feet per acre in trees 6
inches d.b.h. and larger. No mow-
ing was done on this plot.

At this time—10 years after the
first plots were established—it was
apparent that white-tailed deer
(Odocoileus  virginianus)  were
severely browsing reproduction of
some tree species. To obtain in-
formation on the effects of this
browsing, deer exclosures (each
6.6 x 66 feet) were erected on the
clear-cut, selection, and control
plots in August 1949. A similar
exclosure was constructed on the
shelterwood plot in July 1952,
three years after plot establish-
ment.

Growth in Basal Area

On the control plot, the total
basal area gradually increased over
the 17-year period of observation
(Tables 1 and 2) ; beech accounted
for' three-fourths of this increase.

The selection plot had the great-
est mean annual basal-area incre-
ment: 2.37 square feet per acre.
Most of the hard maple (Acer
saccharum Marsh) and yellow
birch (Betula alleghaniensis Brit-
ton) growth occurred on sawtim-
ber-size trees; most of the beech
growth was on pole-size trees.
Despite a conscious effort to re-
duce the proportion of beech in
the stand (nearly all trees removed
in 1949 were beech), the basal-area
growth of beech was equal to that
of all other species combined.

By 1955 few of the trees on the
clear-cut plot had reached the
minimum diameter (6 inches
d.b.h.) used in computing basal
area.

Develoment of Reproduction

Control plot—On the control
plot, there was little change in the
number, size, and species composi-
tion of reproduction between 1938
and 1955. Several characteristies
were apparent in 1955 (Table 3).

1. Yellow birech reproduction
was present only in the 0-1.0 foot
height class; there were only 1,200
stems per acre. Under the dense
shade of the undisturbed stand
this species did not appear to de-
velop further,

2. There were 54,000 hard
maple seedlings per acre in the 0-1
foot class. However, there were
only 139 stems per acre in sizes
from 1 foot high to 5 inches d.b.h.

3. There were 4,600 beech per
acre in the 0-1 foot class. While
much less numerous than hard
maple in this size class, beech ap-
peared to be the only species de-
veloping into sapling sizes in any
appreciable numbers. There were
3,020 beech per acre in sizes 1 foot
high to 5 inches d.b.h.

4. Hobblebush (Viburnum alni-
folium Marsh.) was present prin-
cipally in the 0-1 foot height class
(4,700 per acre). Though well dis-
tributed over the control plot, it
did not occupy a high percentage
of the available area. As a com-
petitor with tree seedlings it ap-
peared to be of minor importance
on this plot.

Since construetion of the ex-
closure, deer appeared to have had
little effect on the composition and
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quantity of reproduction on the
control plot. There was little dif-
ference between reproduction of
tree species inside and outside the
deer exclosure. Hobblebush was
somewhat more abundant and
slightly taller inside the exclosure.
Selection plot.—The light cut-
tings on the selection plot evidently
favored beech over any of the bet-
ter hardwoods. Even though the
hard maple (remaining from the
original stand) responded vigor-
ously to the 1939 and 1949 treat-
ments, beech still dominated the
sapling and pole-size classes in
1955—in spite of the effort to re-
duce the proportion of this species.
Although hard maple seedlings
0-3 feet high were abundant in
1938 and in 1955, very few grew
into the larger sizes (Table 3).
There were few yellow birch seed-
lings or saplings of any size.
Differences observed in 1955 be-
tween reproduction inside and out-
side the deer exclosure were similar
to those noted on the control plot.
It appeared that deer have had
only a minor influence on repro-
duction on this plot since the ex-
closure was erected. ,
Clear-cut plot.—When remea-
sured in 1948, the clear-cut plot
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F1¢. 2.—The original stand contained few hard maple in the smaller diameter classes.
Hard maple reproduction did not appear to be develpping into larger size classes in

the undisturbed stand.
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TABLE 1.—ORIGINAL AND RESIDUAL BASAL AREA ON THE PLOTS, IN SQUARE FEET
(All stems 6 inches d.b.h. and larger)

1938-39 1948-49
Treatment Species 1955
Before
Initial Residual treatment Residual

Untreated Beech 38 49 54
control Hard maple 42 - 41 46
Yellow birch 11 8 11

Other 1 1 2

Total 92 99 113

Seleetion Beech 34 25 35 7 16
cutting Hard maple 62 38 43 42 47
Yellow birch 27 9 16 16 19

Other 0 0 0 0 0

Total 123 72 94 65 82

Clear-cutting Beech 35 0 0 1
Hard maple 71 0 0 4

Yellow birch 18 0 0 1

Other 2 0 0 3

Total 126 0 0 9

Shelterwood Beech 45 3 8
cutting Hard maple 53 34 44
Yellow birch 9 7 (]

Other 4 4 5

Total 111 48 58

TABLE 2.—MEAN ANNUAL BASAL AREA INCREMENT PER ACRE, IN SQUARE FEET,
By SPECIES, 1938-1955"

(All stems 6 inches d.b.h. and larger)

Treatment Beach Hard maple Yellow birch  Others All species
Untreated

control 0.94 0.27 -0.02 0.05 1.24
Selection

cutting 1.20 .62 .55 01 2.37
Clear-cutting .07 .25 .03 14 49
Shelterwood

cutting -.02 1.55 -12 14 1.57

A1l plots based on a 17-year period
a 6-year period.

was still largely an open, unstocked
area. Most of the woody ground
cover consisted of red raspberry
(Rubus spp.), beech, and hobble-
bush, The numerous hard maple
and ash seedlings present in 1938
had failed to survive.

By 1955, tree species on the
clear-cut plot were more abundant
and larger, but stocking was still
unsatisfactory (Table 3). Although
there were considerable numbers
of hard maple and yellow birch in
the 0-1 foot class, beech was the
most abundant species in the larger
sapling sizes. Approximately one-
third of the plot was occupied by
hobblebush, raspberry, grasses, and
ferns. Vegetation was not uniform-
ly distributed over the plot, and
the area resembled an abandoned
pasture reverting to forest. There

except shelterwood, which was based on

were nearly 700 red spruce per
acre over 1 foot high. (The spruce
seed source near this plot was bet-
ter than for the other plots).

Between 1949 (when the deer
exclosure was erected) and 1955,
the number of hard maple and
yellow birch over 1 foot high in-
creased considerably inside the ex-
“closure, There was no such in-
crease outside the exclosure. The
number of smaller stems (0-1 foot
high) increased about the same
outside as inside. (Seedlings of
this size are protected from winter
browsing by deep snow.)

By 1955 it was apparent that the
new stand developing on the clear-
cut plot would contain a large
proportion of beech, some red
spruce, and only a few ‘of the bet-

ter hardwoods. - .
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Shelterwood plot.—Before treat-
ment in 1949, the reproduction
present 6n the shelterwood plot
consisted mainly of 21,000 hard
maple seedlings per acre in the
0-1 foot class (Table 4). Beech re-
production was present in all sizes,
and among stems over 1 foot high
it was the most abundant species.

By 1955 there had been a tre-
mendous inerease in the number of
seedlings in the 0-1 foot -class.
Hard maple increased 3-fold, and
yellow bireh 60-fold. However, out-
side the deer exclosure very few
had grown into larger size classes.

The number of hobblebush stems
increased nearly a third between
1949 and 1955, and there was a
striking increase in their height.

On the shelterwood plot there
was a striking difference between
reproduction of tree species inside
and outside the deer exclosure.
After three years’ protection, hard
maple, yellow bireh, and white ash
seedlings over 1 foot high were
many times more abundant inside
the exclosure (Table 4). The deer
exclosure was completely occupied
by reproduction over 3 feet high,
principally of the three above
species. This was in sharp con-
trast with the area exposed to deer
browsing, where beech and hobble-
bush comprised virtually all of the
reproduction of like size,

Effects of Mowing

After 17 years, differences in the
species composition of hardwood re-
production on the mowed and un-
mowed portions were minor, for
both the clear-cut and selection
plots, and did not appear to be
great enough to be of any practical
consequence.

On the clear-cut plot there were
apparent differences in the amount
of hobblebush and red spruce. re-
production on the mowed and un-
mowed portions. Hobblebush ‘was
much more abundant and larger on
the mowed portion. There were 182
red spruce per acre ‘on the mowed
portion, eompared to- 779 on- the
unmowed. This last difference may
have been due to more favorable
conditions on the unmowed area;
there was “less competition -from
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TABLE 3.—REPRODUCTION (NUMBER OF STEMS PER ACRE) PRESENT IN 1938 AND 1955
Species 1938 1955 Species 1938 1955 Species 1938 1955
UNTREATED CONTROL SELECTION CUTTING? CLEAR-CUTTING?
(Basis: 54 milaeres) (Basis: 32 milacres) (Basis: 32 milacres)

0.6-5.0 inches d.b.h.: 0.6-5.0 inches d.b.h.: 0.6-5.0 inches d.b.h.:
Hobblebush 0 Hobblebush 0 Hobblebush 0
Beech 409 360 Beech 311 730 Beech 137 75
‘White ash 3 2 ‘White ash 0 0 ‘White ash 1 0
Yellow birch 1 0 Yellow birch 20 0 Yellow birch 22 1
Hard maple 52 28 Hard maple 100 ) 83 Hard maple 123 4

3.1 feet high to 3.1 feet high to 3.1 feet high to

0.5 inch d.b.h.: 0.5 inch d.b.h.: 0.5 inch d.b.h.:
Hobblebush 150 Hobblebush 3,300 Hobblebush 2,300
Beech 320 760 Beech 630 1,100 Beech 32 410
White agh 0 0 White ash 0 120 White ash 0 0
Yellow birch 0 0 Yellow birch 0 0 Yellow birch 0 0
Hard maple 63 37 Hard maple 220 160 Hard maple 32 31

1.1-3.0 feet high: 1.1-3.0 feet high: 1.1-3.0 feet high:
Hobblebush 3,000 Hobblebush 13,000 Hobblebush 3,500
Beech 790 1,900 Beeeh 1,400 780 Beech 280 220
‘White ash 0 220 ‘White ash 130 530 White ash 95 380
Yellow birch 0 0 Yellow bireh 32 31 Yellow birch 0 690
Hard maple 63 74 Hard maple 4,700 2,800 Hard maple 9,400 370

0-1.0 foot high: 0-1.0 foot high: 0-1.0 foot high:
Hobblebush 4,700 Hobblebush 14,000 Hobblebush 1,500
Beech 2,100 4,600 Beech 1,300 3,300 Beech 400 550
‘White ash . 80 2,000 ‘White ash 0 1,300 ‘White ash 160 360
Yellow birch 720 1,200 Yellow birch 220 1,500 Yellow birch 32 3,100
Hard maple 40,000 54,000 Hard maple 42,000 49,000 Hard maple 27,000 6,200

' *Hobblebush was not measured in 1938.

*Unmowed portion only.

dense patches of shrubs; and shade
provided better conditions for seed-
ling establishment. Many of these
spruce seedlings originated in the
partial shade ¢f hardwood saplings
left on the unmowed portion in
1939.

Factors Affecting Reproduction

The development of reproduction
on these plots appears to have been
related to two main factors: (1)
competition and (2) deer brows-
ing.

The numerous hard maple seed-
lings originally present in the 0-1
foot class did not develop after the
stands were cut. On the shelter-
wood plot, this seems eclearly to
have been due to browsing by deer,
since they did develop within the
exclosure.

Establishment of the deer ex-
closures on the control and selec-
tion plots in 1949 did not result in
further development of the existing
numerous small hard maple seed-
lings, even though the second treat-
ment of the selection plot was made
at that time. It seems clear that,
at least during the period after the
1949 treatment, competition rather
than deer was the critical factor on

TABLE 4—INFLUENCE OF DEER BROWSING ON REPRODUCTION IN THE SHELTERWOOD
Pror (NUMBER OF STEMS PER ACRE)

Outside exclosure
(Basis: 48 milacres)

Species and

Inside exclosure
(Basis: 15 milacres)

gize classes 1949 1955 1949 1955
0.6-5.0 inches d.b.h.:
Hobblebush _________ 0 0
Beech .. . _ 254 390 —
White ash _____ -~ 0 0 . —
Yellow bireh __ 16 1 - —
Hard maple ... 159 102 — —
3.1 feet high to
0.5 inch d.b.h.:
Hobblebush .. ___ . 140 4,400 0 4,100
Beech ... . _ 140 980 130 470
White ash .. 0 42 0 1,500
Yellow birch .. - 0 0 0 3,100
Hard maple ... 0 0 0 130
1.1-3.0 feet high:
Hobblebush __ 3,600 10,900 1,600 11,000
Beech ... ... . 400 2,800 200 1,700
White ash . . 63 1,300 67 4,600
Yellow birch __ ... 0 82 0 18,000
Hard maple ... ____ 0 820 0 14,000
0-1.0 foot high:
Hobblebush ... 10,100 2,600 9,000 4,100
Beech . _ .. - 2,900 350 3,400 870
‘White ash ______.__ 8,600 2,200 17,800 5,300
Yellow bireh _______. 870 55,000 200 18,000
Hard maple .. ... 21,000 73,000 24,000

these two plots. This is in accord
with the observations of Webb, et
al. (8). ‘

On the clear-cut plot the small
hard maple seedlings present be-
fore cutting in 1938 failed to sur-
vive; few were present in even the

46,000

0-1 foot class in 1948. It seems
probable that shrub competition
and exposure of the site strongly
influenced establishment and sur-
vival of the better species, though
deer apparently prevented further
development of theseedlings that



120

did become established and may
have assisted in establishing shrub
dominance immediately after cut-
ting.

At the time of the 1955 remea-
surement, the numbers of living
seedlings in the size eclass 1 foot
high to 0.5 inch d.b.h. that showed
browsing injury were recorded.
The better hardwoods were heavily
browsed, even though they com-
prised only 13 percent of the total
stems of tree species and hobble-
bush : 86 percent of the hard maple
stems were browsed, 53 percent of
the yellow birch, and 84 percent of
the white ash. On the other hand,
only about 55 percent of the less
palatable beech and hobblebush
were browsed, even though they
made up 15 and 72 percent, respec-
tively, of the total number of liv-
ing stems.

The above -percentages do not
provide a good comparison of ac-
tual damage to reproduction of the
different species, since the degree
of injury and amount of mortality
were not evaluated. A better mea-
sure of the real effects of browsing
is provided by a comparison of re-
production within the deer exelo-
sure with unprotected reproduction
outside the exclosures. That com-
parison clearly indicates that, on
the shelterwood plot, deer pre-
vented the growth of reproduction
of the better hardwoods into the
larger size classes.

It appears that deer were at least
partially responsible for the pre-
dominance of beech and red spruce
on the clear-cut plot. Red spruce
is rarely browsed by deer, and

beech is not a preferred species (6).’

The vigorous ' development of
hobblebush after cutting, with the
resulting dense shade and heavy
leaf litter, may have been an ob-
stacle to the establishment and de-
velopment of reproduction of the
desired tree species. There was a
marked increase in both numbers
and height of hobblebush on all the
treated plots. In. 1955 it was a
major component of the understory
on the selection plot. The relative-
ly light cutting on this plot appar-
ently was sufficient to stimulate
development of the small and seat-
tered stems originally present. -

A similar development occurred
on the shelterwood plot (Table 4).
However, within the deer exclosure,
reproduction of desirable tree spe-
cies was already well above the
hobblebush by 1955. Apparently
hobblebush will not be a serious
competitor provided tree reproduc-
tion is already established or be-
comes established and makes rapid
height growth during the period
immediately after a stand is cut.
If this does not occur, hobblebush
may well become a major competi-
tor.

It is probable that hobblebush
developed in much the same man-
ner on the clear-cut plot, though we
have no record of what occurred
during the first 10-year period.
Since few existing or new tree seed-
lings survived—due to site expo-
sure, deer browsing, or other causes
—the hobblebush, raspberry, beech,
and associated minor vegetation
took over the area. The clear-cut
plot was the only one on which
raspberry developed in quantity.

Comparison of conditions inside
and outside the exclosures suggests
that the influence of deer on the
development of hobblebush has
been relatively minor.,

The Place of Maple in the Stand

Hard maple has generally been
regarded as a very tolerant species
(1), with which there is little diffi-
culty in. obtaining reproduction.
The literature contains numerous
references to the general occur-
rence of a carpet of small hard
maple seedlings beneath mature
stands and to the general repro-
ductive aggressiveness of the spe-
cies (2, 4). o

The observations made in this
study suggest that, under the eon-
ditions existing on the study area,
hard maple is distinectly less toler-
ant than the associated beech,*and
that the presence of abundant hard
maple advance reproduction of
small seedling size is'no assurance
of satisfactory regeneration after
cutting. :

*Others- have alsocited the greater tol-
eral;ce that beech has on some sites (2, 4,
7,8). o
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The original stand, before treat-
ment (Fig. 2), consisted mainly of
an overstory of large hard maple,
with an understory of beech. Beech
was present in all sizes, with nu-
merous stems in the sapling and
pole-size classes. Except for seed-
lings less than 1 foot tall, there
were very few hard maple in the
smaller size classes.t It seems ap-
parent that the ability of all size
classes to make continued growth
in the understory of the undis-
turbed stand, as shown by beech on
the control plot, was not shared by
maple.

The light selection cutting (70
square feet basal area per acre re-
sidual stand), though it markedly
stimulated the growth of the exist-
ing beech seedlings, saplings, and
poles, did not result in satisfactory
development of hard maple repro-
duction. On the other hand, excel-
lent regeneration and development
of hard maple occurred on the shel-
terwood plot (residual stand 48
square feet basal area per acre),
conditions which also favored yel-
low birch and white ash reprodue-
tion.

It is generally recognized that
the apparent tolerance of a species
may vary rather widely under dif-
ferent climatic and site conditions
(7}, decreasing under conditions of
adverse site and severe climate. In -
the Adirondacks, both site and eli-
matic conditions are probably less
favorable than over much of the
range of mnorthern hardwoods.
‘While not conclusive, the above
evidence does suggest that hard
maple on-the study area was inter-
mediate between beech and yellow
birech in tolerance; and that ob-
servations of the behavior of hard
maple reproduction, made on other
sites and in other regions, may not
be entirely applicable here.

Some Management Implications

A single series of four small
plots such as this obviously does
not provide a sufficient basis for

‘It may be noted that this type of
stand (Fig. 1"and ‘2) is common in the
regiop.. A similar absence of maples in
the smaller size classes has been noted
by the authors on' other similar areas.
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any broad generalizations on the
management of Adirondack north-
ern hardwoods. It does, however,
bring out a number of points that
deserve consideration by the land
‘manager,

Maple advance reproduction.—
The presence of large numbers of
small hard maple seedlings in the
understory is characteristic of ma-
ture northern hardwood stands.
The presence of these small seed-
lings is not in itself an assurance
-of satisfactory regeneration after
cutting. The adequacy of advance
Teproduction should be judged in
terms of stems of larger size.

Beech a major problem.—An
abundance of aggressive under-
story beech appears to be one of
the principal management prob-
lems on Adirondack sites such as
the one studied. Beach on these
sites is a low-value species because
of poor form and cull. Here any
system of management that has
sawtimber production as its objec-
tive should aim to reduce the beech
component in favor of hard maple
and yellow birch.

The results obtained in this
study suggest that light selection
cuttings, of the sort often recom-
‘mended for northern hardwoods in
-other regions (2, 3), may not be
.applicable to stands and sites sim-
ilar to this one. On these plots,
Tight cuttings resulted in a con-
tinuing deterioration of stand com-
-position, due to development of the
tolerant understory beech.

Among the treatments applied
-in this study, the shelterwood cut-
ting (48 square feet per acre resid-
-ual basal area) has clearly favored
reproduction of the preferred spe-
-cies—hard maple, yellow bireh, and
-white ash—over that of beech. This

suggests that under similar site and
stand conditions, best reproduc-
tion may be obtained by a fairly
heavy initial cut, removing as
much as possible of the beech
component.

Deer damage may be serious.—
Tt has been shown that deer exerted
a strong influence on the composi-
tion and development of reprodue-
tion on the shelterwood and clear-
cut plots. Several factors may have
contributed to this; these were
small areas of reproduction in the
midst of uncut timber; they were
located within 14 mile of deer
yarding areas; and they were near
extensive areas where hunting is
restricted or prohibited. However,
it is apparent that deer damage
can be serious and that the possible
influence of a large deer herd must
be considered in the management
of northern hardwoods.

Summary

Observations on the development
and reproduction of Adirondack
northern hardwoods were made
over a 17-year period on four 214-
acre plots cut under different ‘spec-
ifications. The treatments were
clear-cut, light selection, shelter-
wood, and control. The principal
results were:

1. A complete clear-cutting
failed to give satisfactory regen-
eration of the better hardwoods.

2. On the selection plot, first
and second cuts at 10-year inter-
vals, each reducing the basal area
to approximately 70 square feet
per acre, resulted in increased
numbers and size of understory
beech, without any appreciable in-
crease in hard maple and yellow
birch reproduction.

3. On the shelterwood plot a
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first cut, reducing the basal area
to approximately 50 square feet
per acre, resulted in excellent re-
production of hard maple, yellow
bireh, and white ash.

4. Deer have had a marked ef-
feet on the amount and composi-
tion of reproduction.

5. Mowing of advance repro-
duction had only minor effects on
regeneration of hardwoods.

6. The presence of abundant
and aggressive beech in the under-
story appears to be a major prob-
lem in the management of this and
similar stands. It is suggested that
a moderately heavy initial cut may
be necessary to obtain a desirable
proportion of hard maple and yel-
low birch in the reproduction.
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