teristics of that site, the substitute cut-
ting areas available, the population of
the market area, and the location of
the market area with respect to the
cutting site and substitute cutting
sites. Because these factors generally
vary between cutting sites, the dollar
value derived from the application of
the model at the Redfeather Lakes site
is not appropriate at another cutting
site unless the sites are similar in these
factors.

The average consumer surplus of
$4.37 per tree implies that total rev-
enue from the Christmas tree sale
could be increased by raising the cut-
ting fee above $5.00 per tree. The
question of how high cutting fees can
be raised before total revenue starts
falling is not definite. Rosenthal et al.
(1986) caution that travel cost-based
demand curves estimated with pri-
mary attention to obtaining the area

under the demand curve may not be
highly useful to predict responses to
small increases in prices or fees. These
curves often estimate large reductions
in use with small increases in fees,
which may not actually happen. O
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TECHNICAL NOTES

Clinometer Versus Pole Measurement
of Tree Heights in Young Douglas-Fir

Progeny Tests

Glenn T. Howe and W. Thomas Adams?

Height measurement in progeny
tests plantations with closed canopies
is time consuming and costly. Height
growth, however, is the major selec-
tion criterion for coastal Douglas-fir
(Pseudotsuga menziesii var. menziesii) in
the Pacific Northwest. More than 500
progeny test plantations involving
Douglas-fir progenies from more than
25,000 parent trees have been estab-
lished in coastal Oregon, Washington,
and British Columbia in the past 15
years. Measurement of these planta-
tions represents a large investment of
time and money.

Tree breeders are frequently inter-
ested in estimating the mean pheno-
typic value of a tree’s progeny. This
value, often called the breeding value, is
useful for making selections amon
parent trees (Falconer 1981). Breeding

1 Department of Forest Science, College of
Forestry, Oregon State University, Cor-
vallis, OR 97331. The authors thank
members of the Pacific Northwest Tree Im-
provement Research Cooperative for sup-
port and technical assistance. This is Paper
2180, Forest Research Laboratory, Oregon
State University, Corvallis. The mention of
trade names or commercial products does
not constitute endorsement or recommen-
dation for use by Oregon State University.
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values and genetic gains can be esti-
mated from progeny test information.
Genetic gain, the response to selec-
tion, is the difference in average
breeding value between the selected
group of parents and the entire popu-
lation before selection.

Because only a small sample of a
tree’s progeny can be included in a
progeny test, family mean heights de-
rived from progeny test measure-
ments are not direct measures of pa-
rental breeding values. The degree of
correspondence between family
means and parental breeding values
must also be known. This correspon-
dence is measured by the family heri-
tability, and its magnitude is in-
fluenced by the amount of microsite
variability, the number of progeny
measured per family, and measure-
ment error.

In 1984, the Pacific Northwest Tree
Improvement Research Cooperative at
Oregon State University began an in-
vestigation into measurement strate-
gies for young Douglas-fir progeny
tests, including strategies of height-
measurement. Crown closure of
Douglas-fir progeny test plantations
usually occurs when trees are 10 to 15
years old. Because height-pole mea-
surements become difficult and time
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consuming at this stage, tree breeders
in some tree-improvement programs
have begun measuring tree heights
with a clinometer. In this study, we
evaluated the use of height-poles and
clinometers for height measurement
of progeny test plantations. The infor-
mation should be useful to tree
breeders for improving the efficiency
of genetic selection.

TEST PLANTATIONS

Two series of height measurements
of Douglas-fir were made in three
progeny test plantations that were es-
tablished by the Umpqua Tree Im-
provement Cooperative near Eugene,
OR. The progeny were derived from
wind-pollinated seed collected from
90 parents located in wild stands in
the central part of the Oregon Coast
Range (Silen and Wheat 1979). All
parents are in the Noti Breeding Unit
of the Douglas-fir Progressive Tree
Improvement Program. The progeny
were divided into three sets of 30 fam-
ilies that were planted in adjacent ex-
periments at each of the three planting
sites. At each site, a randomized com-
plete-block design experiment with
four blocks was used for each set
Four 1-0 plug seedlings per family
were randomly planted in each block
at 3.05 X 3.05 m spacing.

The plantations were fenced to ex-
clude large browsing animals. Sur-
vival in each was greater than 76%
Trees were replanted for 3 years after
the initial planting, making current
survival 84%, but replacements were
not used in the analyses. Trees in two
of the plantations were 12 years old
from seed when measured in No-
vember 1984; those in the third plan-
tation were 13 years old. All trees
were about 8 m tall, and crowns were



suffictently closed that branches at
breast height were beginning to se-
nesce.

HEIGHT MEASUREMENTS

The first series of height measure-
ments was made with a 15 m bottom-
reading measuring pole. One person
operated the pole and another re-
corded height. Measurements to the
nearest decimeter were made of all
trees in each plantation. Crown clo-
sure made it necessary to low the pole
before moving from tree to tree. How-
ever, while the pole operator was
moving the pole, the observer had
time to find a good vantage point for
viewing the top of the next tree.

The second series of measurements
was made on a single set of 30 families
with a Suunto clinometer. Trees from
this set of families were measured in
two blocks in two plantations and in a
single block in the third plantation, re-
sulting in an average 15.3 trees per
family (range = 11-18). Readings, in
percent, were made at breast height
(1 37 m) and at the top of a tree by an
observer who also recorded the data.
An assistant held a rope and a flash-
light at breast height on each tree in
order to position the observer 10 m
away and to help locate breast height.
Both the observer and assistant re-
mained within rows when taking the
readings, traveling through the plan-
tation systematically. Because the ob-
server remained within rows, he gen-
erally had a poorer view of the treetop
than was possible when measuring
trees with a pole. Tree height to the
nearest decimeter was estimated from
clinometer readings after measure-
ments were completed. Values for
trees measured with both height-pole
and clinometer comprise the data
hereafter referred to as the “subset.”

In order to obtain information on
relative costs, the elapsed times for
measuring each of six blocks with the
height pole and each of five blocks
with the clinometer were recorded.

ANALYSIS OF
RELATIVE EFFICIENCY

Height-pole and clinometer esti-
mates of tree height can be thought of
as separate “traits.” Because height-
pole measurement is generally more
reliable than clinometer measurement,
we considered pole-height to be the
trait with the least measurement error.
Therefore, the use of height-pole mea-
surements can be thought of as "di-
rect’” selection and the use of clino-
meter estimates as “indirect” selec-
tion. The percentage of genetic gain
from indirect versus direct selection is
the relative efficiency (RE). If we as-
sume equal selection intensities for
both traits, the efficiency of indirect

selection (clinometer) 1n comparison
with direct selection (height-pole) 1s

RE = [hdhp] 7, X 100,

where h_ and h; are the square roots of
the family heritabilities for clinometer
and pole measurements, respectively,
and 7, is the genetic correlation be-
tween the traits (Falconer 1981). Ge-
netic parameters, including h,, h,, and
r,, were estimated from analyses of
variance and covariance of both traits
in the subset data (Zobel and Talbert
1984).

For purposes of illustration, we also
estimated the gain in height in
progeny from a wind-pollinated clonal
seed orchard. Height gain at 12 to 13
years of age was estimated with the
assumption that the top 20% of the
parent trees from each set would be
included in the orchard and that in-
breeding would be negligible. Al-
though relative efficiency was calcu-
lated from the “subset” data, the esti-
mates of absolute height gain were
calculated with the complete height-
pole information from all three sets of
families. Height gain in seed orchard
progeny from parents selected on the
basis of height-pole information (Gp)
was estimated as

Gp = 1.5 X [ip 0]

where h = the square root of the
family heritability, o, = the square

root of the additive genetic variance
estimated from the complete data set,
and i, the intensity of selection, equals
1.354 when the best 6 parents are
chosen from each set of 30 (Falconer
1981). The multiplier (1.5) is based on
an assumed coefficient of relationship
among open-pollinated progeny of %a.
Genetic gains in height for selections
based on clinometer measurements
(G.) were estimated by multiplying the
height-pole estimates of gain by the
relative efficiency (in fractional form):

G, = Gp X [RE/100].

In addition to calculating relative ef-
ficiency, we calculated family mean
heights from the subset height-pole
and clinometer measurements. Fami-
lies were ranked on the basis of these
means so that differences in decisions
on parental selection could be judged.

RESULTS

Results of analysis of the complete
height-pole data from all three sets of
families support the hypothesis that
there is significant family variation in
height at the 0.005 level of probability.
When we used the subset data, family
heritabilities for the height-pole (#* =
0.34) and clinometer (h* = 0.33) were
nearly identical, showing that height-
breeding values can be estimated with
nearly equal precision with either

Table 1. Family height rankings of 12- to 13-year-old Douglas-fir in an open-pollinated
progeny test, as measured with a pole and a clinometer.

Noti Breeding Unit

Mean height (m) and
family rank (in parentheses)

parental genotype number Height-pole Clinometer
1692 8.54 (1) 8.39 (1)
1672 8.48 (2) 8.16 (2)
1673 8.45 (3) 8.09 (3)
1650 8.41 (4) 8.03 (5)
1691 8.40 (5) 8.06 (4)
1669 8.39 (6) 8.01 (6)
1690 8.33 (7) 7.98 (7)
1682 8.27 (8) 7.97 (8)
1656 8.19 9) 7.83 (12)
1663 8.18 (10) 7.72 (16)
1655 8.16 (11) 7.87 (10)
1671 8.07 (12) 7.58 (20)
1685 8.03 (13) 7.66 (18)
1683 8.02 (15) 7.89 (9)
1664 8.02 (15) 7.86 (11)
1676 8.02 (15) 7.52 (22)
1687 7.99 (17) 7.75 (14)
1670 7.98 (18.5) 7.55 (21)
1667 7.98 (18.5) 7.74 (15)
1658 7.97 (20) 7.80 (13)
1653 7.91 21) 7.67 (17)
1688 7.78 (22) 7.61 (19)
1662 7.68 (23) 7.28 (25.5)
1660 7.66 (24) 7.27 (27)
1665 7.64 (25) 7.40 (24)
1659 7.63 (26) 7.47 (23}
1675 7.49 (27) 7.14 (28)
1666 7.46 (28) 7.28 (25.5)
1684 7.36 (29) 7.01 (29)
1657 7.13 (30) 6.85 (30)
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measurement technique. Because of
the closeness in heritability estimates
and the high genetic correlation (r, =
0.96), the relative efficiency of using
the clinometer versus the height-pole
was 94% for parental selection. Gain
in height from a clonal seed orchard of
the best 20% of parents was estimated
at 4.54% from height-pole data from
the complete test. If clinometer mea-
surements are used for selection, ge-
netic gain is expected to be 4.27%.

Because progeny-test information
can also be used to select among
progeny in test plantations, we esti-
mated the relative efficiency of this
approach as well. In this case, we as-
sumed that index selection would be
made on the basis of family means
and individual-tree values, called
combined selection (Falconer 1981).
The relative efficiency for combined
progeny selection (0.95) was nearly
identical to that for parental selection
(0.94). This indicates that the relative
gain obtained through use of the clin-
ometer is nearly the same regardless
of whether selections are made among
parents or among progeny.

The similarity of height-gain esti-
mates for selections based on clino-

meter and height-pole data 1s reflected
in the agreement of family rankings
(Table 1), which were particularly
close for fastest and slowest growing
families. Clinometer estimates of
height were consistently lower than
height-pole estimates. The subset
mean was 7.68 m with the clinometer,
7.99 m with the height-pole.

On average, the two-person crews
took only 60% as long to measure
height with a clinometer as with a
pole. In three of the four blocks where
both measurement techniques were
used on the same trees, clinometer
measurements were faster, but in the
fourth block, clinometer measure-
ments took 15% longer than measure-
ments with a pole.

DISCUSSION

Height estimation by means of a
clinometer can be an effective basis for
genetic selection. Although the gain
may be slightly less than that obtained
with a height-pole, trees can be mea-
sured in considerably less time. This
may be an acceptable trade-off for
tree-improvement programs in which
resources saved can be allocated to
other tree-improvement activities. In

such cases, 1t might be wiser to devote
the extra resources to measurement of
additional traits such as stem diam-
eter, tree form, or wood quality.

Results from this study apply to
plantations where the trees are 10 to
15 years old and crown closure is such
that branches are beginning to senesce
at breast-height. In younger planta-
tions, where the height-pole can be
moved readily from tree to tree
without lowering and raising the pole,
the time advantage of the clinometer
would not be as great. In older planta-
tions, where it is possible to use a
height-pole but where tree-tops are
difficult to see, clinometer height esti-
mates may not have an adequate level
of precision because the fixed viewing
distance and angle required for
readings may prevent the observer
from gaining a good vantage point for
each tree.
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A Modified Density Management
Diagram for Coastal Douglas-Fir

James N. Long, James B. McCarter, and Steven B. Jack!

Density management diagrams
(DMD) of the type pioneered by Japa-
nese foresters (Ando 1968) were intro-
duced to North American forestry
when Drew and Flewelling (1979)
published a diagram for coast
Douglas-fir (Pseudotsuga menziesii var.
menziesii). DMDs are essentially
models of stand average dimensional
relationships. Foresters have used
simple two-parameter stocking guides
for years (Reineke 1933, Gingrich
1967, Wilson 1979), but the inclusion
of additional size parameters, particu-
larly height, greatly improves the
utility of these charts.

The format of a DMD depends
largely on personal preference. For ex-
ample, the Douglas-fir DMD of Drew
and Flewelling (1979) has mean
volume and trees per acre (TPA) on
the major axes, and additional curves

! Department of Forest Resources and
Ecology Center, Utah State University,
Logan, UT 84322-5200; and McCarter is
with the Department of Biology and
Ecology Center, Utah State University,
Logan, UT 84322-5200. This is Journal
paper No. 3501, Utah Agricultural Experi-
ment Station.
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correspond to quadratic mean diam-
eter (Dq) and average height of the site
trees. “Relative density,”” based on
mean volume and TPA, is used as the
index of stocking in their DMD.

A different format was used in
McCarter and Long's (1986) lodgepole
pine (Pinus contorta) DMD. Dgq and
TPA were represented on the major
axes, and additional lines corre-
sponded to total stand volume and
height of site trees. McCarter and
Long (1986) preferred Dg as the prin-
cipal size variable because it is more
commonly used, and easier to esti-
mate in the field, than is mean
volume. Their choice of axes in-
fluenced the decision to use SDI, a
function of Dg and TPA, as the index
of stand density on the lodgepole pine
DMD.

We used the regression equations
presented by Drew and Flewelling
(1979) to construct a new DMD for
coast Douglas-fir (Figure 1). Essen-
tially we have merely reformatted
their original DMD, but believe that
foresters will find the new format sub-
stantially easier to understand and
use.

As is the case in the lodgepole pine

DMD, Dg and TPA are plotted on the
major, logarithmic, axes. Growing
stock levels, the diagonal parallel
lines, are derived from Reineke’s
(1933) Stand Density Index:

SDI = TPA (Dg/ll0)*s (1)

SDI is one of a number of size-density
indexes that are particularly useful to
silviculturists because they are inde-
pendent of site quality and stand age
(Curtis 1982, Daniel et al. 1979, Long
1985). The uppermost SDI line (Figure
1), corresponding to SDI = 600, 1s
quite similar to the maximum relative
density relation that Drew and Fle-
welling (1979) found for coastal
Douglas-fir. This SDI also closely ap-
proximates the maximum SDI value
(595) for Douglas-fir suggested by
Reineke (1933). The two families of
curves, representing average site tree
height and total volume (ft¥ac), were
derived from Drew and Flewelling’s
(1979) original regression equations
The range of heights and volumes dis-
played approximate the range of data
used in the original regression anal-
yses.

The density management diagram
is particularly useful in planning for,
and evaluating the consequences of,
alternative density management re-
gimes. The diagram will help resource
specialists involved in the manage-
ment of coast Douglas-fir prescribe
and evaluate stand density manipula-



