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Highlight: The accuracy and efficiency of the browse biomass
estimation for a young forest plantation in central Sweden was
compared using two different methods. Using the traditional
harvest plot technique, the amount of browse was determined as
40.4 g dry weight/m?; while the new technique gave a similar
result, i.e., 36.4 g dry weight/m?. The new method employs the
relationship between the height-diameter index of trees and the
total biomass of browse per tree as well as the regular twig count.
It was found that the new technique is approximately 11 times
more efficient than the regular browse harvest technique. The
possibility of application of the new method in forest habitats is
discussed.

The evaluation of food-carrying capacity of a forest habitat
requires an accurate knowledge of its browse biomass, which is
an important food component in big game diets. The ideal
method of browse estimation should be simple, inexpensive,
and statistically reliable, while at the same time not time
consuming.

There are many methods which could be applied to measure
browse biomass (Ferguson et al. 1966; Shuster 1965; Whittaker
1966; Young et al. 1967). The most accurate, although quite
laborious, is the harvest plot technique. The second method
which is commonly used is the twig count method (Shafer
1963); this method is convenient only if the browse is not as
dense as that occurring in young forest plantations and thickets.
These young stages of forest usually produce 10 to 15 times
more browse biomass than mature timber stands and are the
main factor increasing the food-carrying capacity of the habitat
(Bobek et al. 1975). The purpose of this study was to evaluate a
new, rapid technique for browse supply estimation which would
be more accurate and efficient than regular harvest plot tech-
niques.

Study Area and Methods

The study area was a young mixed forest plantation of the Grombo
National Forest, which is situated in central Sweden (15°25’ E,
59°40°N). According to forestry practices in this region, the clearcut
areas are commonly planted with pine (Pinus silvestris) and spruce
(Picea abies). The natural regeneration of two birch species (Betula
verrucosa and Betula pubescens) is very intensive here, and these
species are also very abundant. Populations of moose (Alces alces),
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Habitat

roe doe (Capreolus capreolus), and mountain hare (Lepus timidus)
inhabiting this area are the major browse consumers (LindI6f et al.
1974).

During the summer of 1975, the browse, i.e. current growth of leafy
twigs, was clipped from the trees of pine, spruce, and birch of various
ages (up to 2.5 m height); at the same time their height and diameter at
5 to 10 cm above ground level were measured. Next, correlation and
regressionsrequations between total browse weight per tree and the
diameter times height were computed separately for each tree species.
The density of the other two browse species, willow (Salix sp.) and
mountain rowan (Sorbus aucuparia), was very low, and the standard
twig count method could be applied there. Therefore, one sample of
100 units of the current growth of twigs were clipped for each above
species, and average values were determined.

Then two plots (5§ X 15 m each) were established and divided into
smaller subplots 3 X 5 m each. The browse supply estimation was
conducted on a subplot basis; first the diameter and height of all
spruce, pine, and birch trees growing within subplots were measured;
and through the use of the previously mentioned equations, the amount
of browse was calculated. For willow and mountain rowan the
standard twig count method was used. Then the total browse was
clipped and weighed. The determinations of the browse supply by the
new method and the harvest technique were conducted by two
persons.

The browse supply in forest habitats usually shows a clumped
distribution type, which considerably increases the number of plots
required and also increases research costs. There is a well-known
formula which is useful for calculation of the size sample, i.e., plot
numbers (De Vos and Mosby 1969:

st

n=—g

. . . . (1)
where n is the number of plots required, s is standard deviation, ¢ is the
normal deviate at confidence limit level and given degrees of freedom
(from ¢ table), and d is the margin of error (arithmetic mean times

designated accuracy).

Results and Discussion

The total dry weight of browse supply per tree was positively
correlated with the tree height-diameter index; the correlation
coefficients calculated for pine, spruce, and birch were statis-
tically significant and varied from 0.96 to 0.98. Regression
analysis of this relationship showed a similar slope for all above
species, but they showed different intercept values (Figs. 1 and
2). The average weights of current growth of twigs, willow, and
mountain rowan were determined as 0.84 g and 0.74 g dry
weight, respectively.

Using the above data, the browse supply from the two plots
was computed at 36.5 g dry weight/m?. It was necessary for two
persons to spend 135 minutes in order to determine the amount
of this forage using the new technique. The regular clipping
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Table 1. Estimation of browse supply (g dry weight/m?) in the forest plantation. The data were collected using the harvest technique and the new technique
(results in parenthesis) which includes correlation between the height-diameter index of tree and browse supply as well as the traditional twig count

method.
PlotI PlotII
Browse species A B C D E A B C D E Mean
Pinus silvestris 38.8 55.0 14.4 29.3 22.4 10.3 8.7 3.0 2.5 6.6 19.1
(35.3) (49.5) (11.2) (30.3) (20.7) 9.1 (7.2) 2.2) (2.8) (8.0) (17.6)
Picea abies 11.6 1.5 - - - 1.8 0.2 - - - 1.5
8.1 (1.3) - - - (1.9) 0.2) - - - (1.2)
Betual verrucosa 0.7 7.6 .5 15.2 25.3 18.1 37.2 18.7 41.7 26.5 19.2
and (l.n 8.5) (1.2) (10.5) (25.0) 8.5) (30.0) (15.7) (36.0) (36.1) (17.3)
Betula pubescens
Sorbus aucuparia - - 0.2 - 1.5 - - - 3.0 - 0.5
- - 0.2) - (1.3) - - - (1.0) - 0.3)
Salixsp. - - - - 0.3 - - - - - 0.03
- - - - 0.6) - - - - - (0.06)
Total 5t.1 64.1 16.1 44.5 49.5 30.2 46.1 21.7 47.2 33.1 40.3
(44.5) (59.3) (12.6) (40.8) (47.6) (19.5) (37.4) (17.9) (39.8) (44.1) (36.5)

procedure conducted by the same person gave similar results,
l.e., 40.3 g dry weight/m?, but the time required to do this was
1,480 minutes. Thus, the new method appeared to be 11 times
more efficient than traditional harvest plot techniques (Table 1).

Using the browse biomass distribution of 10 subplots (Table
1) and assuming a 0.05 confidence limit as well as a 0.2 mean
accuracy, one must clip 17 plots, 3 X 5 each, to obtain
satisfactory results on browse supply in the forest plantation.
For the new method (i.e., combination of twig count and the

correlation between the height-diameter index and the browse
supply) 21 plots were needed, but the total estimation time is
considerably shorter.

The variability of the browse biomass distribution was
specific to the browse species; and if calculated separately for
each species, in each case the variability exceeded that of the
total browse biomass. Using harvest data, the coefficient of
variability of the total browse supply distribution (standard
deviation/mean x 100) was calculated as 36.5%, while the
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Fig. 1. Relationship between height-diameter index of spruce (Picea abies)
as well as birch (Betula verrucosa) and the total amount of browse per tree.
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Fig. 2. Relationship between height-diameter index of pine (Pinus silvestris)
and the total amount of browse per tree.
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coefficients for the different species ranged from 71.8% (birch)
to 300.0% (willow). A larger number of plots was required in
order to obtain reliable results fo browse supply for each
species. For pine it would be necessary to sample 105 such plots
by the harvest method or 104 if the new method were used;
spruce requires 738 or 533 plots, birch 66 or 77, and rowan 510
or 326 plots. Lack of data for Salix did not allow such an
analysis for willow. These plot numbers calculated above will
change if the plot size is changed. Larger plots considerably
reduce browse variability, thereby lowering the number of plots
required (Bobek and Dzieciolowski 1972).

During the last few years most wildlife biologists have been
looking for good and reliable data on the amount of browse
species which are critical summer and winter forage for big
game. These forage studies in the field are time consuming and
expensive. Therefore, it seems that the material presented here
concerning the correlation between height-diameter index of
trees and the browse supply may be useful and helpful in relation
to certain browse species for which biomass cannot be efficient-
ly estimated by traditional harvests or the twig count method.
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