vicultural system and 498 bf/ac/yr un-
der clearcutting This 20% reduction
approximates the long-term reduction
mn growth, and thus future harvest lev-
els, that may result from such an alter-
native silvicultural system.

Reduction in MAI is about 20%, but
the reduction in yield for the first ro-
tation may be somewhat greater.
While standing volumes at the end of
rotation are comparable for the two
systems (Table 3), this is primarily due
to the large volume contained in the
overstory trees (Figure 2). If the alter-
native system is continued beyond the
first rotation, some of the overstory
trees and some of the mature under-
story trees, will need to be retained on
site for coarse woody debris and sec-
ond-rotation green tree reserves.

For our example, PROGNOSIS pre-
dicted that 16 of the original 20 over-
story trees remained after 100 years.
Four of the original reserve trees either
died or were removed in the commer-
cial thinning. We assumed that four of
the 16 remaining would be killed and
left standing as snags and future
downed woody material. Four others,
along with 16 mature understory
trees, were designated for “green re-
tention” for the next rotation. There-
fore, about 13,700 bf/ac was retained
on site, representing nearly 33% of the
standing volume at the end of the first
rotation (Table 3).

SUMMARY

We believe that the development of
alternative silvicultural systems, in-
cluding those associated with “new
forestry” can yield considerable bene-
fits. Such systems can combine the in-
herent advantages of even-aged and
uneven-aged management, e.g.,
greater structural diversity than

_strictly even-aged stands, and reduced

management complexity compared
with classic uneven-aged systems. Sil-
vicultural prescriptions must, of
course, be executed properly to cap-
ture potential benefits and minimize
potential risks. Green tree retention
carries with it risks and tradeoffs. For
example, adverse effects related to
windfirmness and future stand health
may make the system illustrated in our
discussion inappropriate in some stands.

The associated reductions in growth
and yield are not trivial. Actual reduc-
tions in growth, yield, and value will
depend on such factors as the level of
residual growing stock and species
mix. In our example, current and first
rotation harvest levels were about one-
third lower than in the clearcutting
system. Smaller tree size due to over-
story competition may further reduce
the value of future harvests. As a first
approximation, our analysis suggests
that this type of alternative silvicul-
tural system may result in a 20% re-

duction 1n long-term growth, and thus
future harvest levels, compared to tra-
ditional even-aged systems.

An important point to emphasize is
that many of the potential disadvan-
tages of such alternative silvicultural
systems are only negative in relation
to some other system, e.g., clearcut-
ting or single-tree selection. As priori-
ties change so do the objectives of for-
est management; when management
objectives and constraints do not allow
either classic even-aged or uneven-aged
systems, a thoughtfully designed and
carefully executed alternative silvicul-
tural system may be a viable option. O
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Site Index and Height
Growth Curves for
Ponderosa Pine, Western
Larch, Lodgepole Pine, and

Douglas-Fir in

Western Montana

Kelsey S. Milner, School of Forestry, University of Montana,

Missoula, Montana, 59812.

ABSTRACT. Height growth patterns from
several published site curve sytems for pon-
derosa pine (Pinus ponderosa), Douglas-
fir (Pseudotsuga menziesii var glauca),
western larch (Larix occidentalis) and
lodgepole pine (Pinus contorta var latifo-
lia) were compared to stem analysis data
from western Montana. Most of the pub-
lished curves had height growth patterns

that differed significantly from those in the
data. The magnitude of the deviations often
varied by level of site index; this appeared
to be related to differences in the range of
site qualities sampled. Those curves con-
structed from stem analysis data from geo-
graphically similar populations compared
most closely. Curves constructed using
guide curve technigues showed a consistent

tendency to underpredict heights at greater
ages. New site index and height growth
curves are presented for each species.

West. J. Appl. For. 7(1):9-14.

Site index and dominant height
growth curves are commonly used to
identify the potential height-growth
pattern that individuals of a given spe-
cies might be expected to achieve in a
particular place. This potential height
growth curve may then be used as the
site quality “driver” in a yield predic-
tion system. Identification of the ap-
propriate potential curve is essential
for reliable predictions of future
growth and yield by such systems.
Traditional site curve systems sum-
marize the relationships between
height, age (either breast height or to-
tal), and height at some index age (SI),
for some specified set of trees belong-
ing to a defined population. For a
given species, the summarization will
show different height-growth patterns
depending on the population defini-
tions, sampling procedures, and con-
struction methodology used. Any one

! Funding and field support for this study
were provided by Champion International
Corporation, Milltown, MT.
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of these factors could cause a particu-
lar site curve system to be suboptimal
in estimating potential height-growth
patterns for a particular site. In recog-
nition of this fact, there has been con-
tinual regional activity aimed at as-
sessing the appropriateness of partic-
ular site curve systems to a specific
area, and at developing new curves
where necessary (Monserud 1984,
Vander Ploeg and Moore 1989, Means
and Sabin 1989). In addition to provid-
ing a closer match to populations, the
new curves often utilize methodology
and data that provide improved esti-
mates of potential height growth pat-
terns.

Due to its ubiquitous distribution
and substantial economic value, Rocky
Mountain Douglas-fir (Pseudotsuga
menziesii var. glauca) has received most
of the attention in such research in the
Inland Empire. There is little informa-
tion on the appropriateness of existing
site curve systems for western larch
(Larix occidentalis), ponderosa pine (Pi-
nus ponderosa), or lodgepole pine (Pi-
nus contorta var. latifolia). The purposes
of this paper are to compare several
site curve systems for these species to
data collected in western Montana,
and to provide a new set of height
growth and site index curves for each
species.

METHODS
Data Collection

These data were collected as part of
a general investigation into sources of
variation in dominant tree height
growth patterns (Milner 1987). The
study area was western Montana, de-
fined as the area bounded by Missoula
in the south, Libby to the north, the
Montana/ldaho border on the west,
and Helena to the east. Sites were se-
lected according to levels of precipita-
tion, temperature, solar insolation,
and the presence of suitable site trees.
Since values for the stratification vari-
ables were not available at the time of
field sampling, slope, aspect, eleva-
tion, and geographic location were
used as initial proxies. Ponderosa pine

was sampled at 31 locations, Douglas-
fir at 46, western larch at 37, and
lodgepole pine at 39. The means and
ranges of site and stand characteristics
for the sample are given in Table 1.

Site trees, which were selected in a
fashion similar to that described by
Monserud (1984), had the following
characteristics: (1) dominant crown
class in the sense of receiving light
from above and from all sides (thus,
trees growing in openings in cutover
or unevenaged stands were potential
candidates), (2) no substantial top
damage, (3) healthy crowns of at least
40% of total height, (4) no substantial
periods of suppression, based on in-
crement cores taken at breast height
(BH), and (5) potentially repeatable on
the site. That is, wolf trees or trees
growing on microsites obviously dif-
ferent from the general conditions
were avoided.

Three trees on roughly a half-acre
area were selected and felled for mea-
surement of “actual” site index (de-
fined to be the total height corre-
sponding to a ring count of 50 at 4.5
ft). Because of time and money con-
straints it was assumed that the pat-
tern of height-growth for the tree of
median site index, of the three felled,
would represent the average potential
for that location. This assumption ap-
peared reasonable at six sites where
stem analysis was performed on all
three site trees.

The tree of median site index was
sectioned at ground level, breast
height, and at intervals of one-tenth of
tree height above 4.5 ft, for a total of 12
sections per tree. Annual rings were
counted at the top of each section. The
ring count at each section was sub-
tracted from that at breast height to
obtain the BH age of the tree corre-
sponding to the height of that section
above 4.5 ft. Assuming that, on the av-
erage, section cuts (including that at
BH) were made at internode mid-
points (see discussion by Dyer and
Bailey 1987), the resulting height data
are unbiased with respect to “true”
BH age (ring count—0.5 yr), for all
points except the tip, which will be un-

Table 1. Means and ranges of stand and site characteristics, by species, for the western Mon-

tana site index study sites.

Species
Ponderosa Western Lodgepole
pine Douglas-fir larch pine
Number of sites 3 46 37 39
Site Index (ft) 60 59 71 60
(41-84) (27-91) (50-97) (31-86)
Elevation (100 ft) 39 46 42 48
(28-57) (24-66) (24-59) (20-64)
Slope (degrees) 14 20 17 14
(0-32) (1-36) (1-33) (0-31)
Aspect (degrees) (0-350) (36-350) (0-352) (0-360)
Precipitation (in.) 27 30 35 37
(15-50) (16-55) (15-60) (15-60)
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derestimated by a half-year’s growth.
The effect of 1 point in 11 was consid-
ered trivial and no correction was
made to the data.

Evaluation of Existing Site Curves

For each species the observed
height:BH age patterns for a given site
index level were compared with those
predicted by various published site
curve systems. The published curves
compared to the data were as follows
ponderosa pine—Tesch 1980, Lynch
1958 as adjusted by Brickell 1970, Sum-
merfield 1980, and Barrett 1978; Doug-
las-fir—Monserud 1984, Cochran 1979,
Summerfield 1980, and Vander Ploeg
1989; western larch—Schmidt 1976; and
lodgepole pine—Alexander 1967.

To compare height growth patterns
in the data to those in the published
curves, a site index had to be obtained
for each sample tree that was consis-
tent with the various index ages used
in the published site curves. The study
data were appropriate for the BH-age
50-yr base curves of Monserud (1984),
Cochran (1979), and Summerfield
(1980). For those curves indexed by to-
tal age, 50-yr base (Tesch 1980, Lynch
1958, and Schmidt 1976), a compatible
value was estimated from the data via
linear interpolation between the
height:total age pairs bracketing total
age 50. However, for those curves that
were total age-base 100 yr (Alexander
1967), no observations were available
Therefore, a regression equation was
first developed from the published
height growth curves that converted
height at total age 50 to height at total
age 100. This equation was then used
to convert the SI base 50-total age ob-
servations in the data to a SI base 100-
total age basis. For those curves that
were base 100-BH age (Barrett 1978) a
similar regression equation was devel-
oped from the published curves that
converted the SI base 50-BH age val-
ues to SI base 100-BH age values. Use
of these conversion equations means
that the published height growth
curves are accessed according to
height at 50 years of age rather than
100. Thus, conclusions regarding ade-
quacy of the published curves are only
relevant to applications consistent
with this modification. Had observa-
tions of height at age 100 been avail-
able, different results might have been
evident. The regression equations
used were:

Alexander (LPP) SI100 =
—2.99666 +
1.6129 = SI50
Barrett (PP) SI100 =
—2.64174 +
0.6853 * SI50
For each (SI, Age, Height) triplet con-
tained in the stem analysis data, a pre-
dicted height was obtained from the
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Figure 1. Mean height residuals for pon-
derosa pine height growth curves by
Lynch, Barrett, Summerfield, and Tesch.

appropriate published H = f (SI, Age)
equation. The residual, (observed-
predicted height), was formed for each
SI and Age pair and plotted against
age (total or breast height depending
on the site curve). To aid in detection
of age-related bias the residuals were
grouped by 5-yr age classes and the
means, standard deviations, and stan-
dard errors calculated for each class.
The residuals were also examined at
various levels of site index, since age-
related trends could vary by level of
site index.
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Figure 2. Mean height residuals for Doug-
las-fir height growth curves by Cochran,
Summerfield, and Vander Ploeg.
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Figure 3. Mean height residuals for Doug-
las-fir height growth curves by Monserud
(by habitat type series).

Site Curve Construction

Site index and height growth equa-
tions were developed from the data
using procedures described by Heger
(1968), Dahms (1973), and many oth-
ers. The procedures involve first fit-
ting simple, linear models to the dec-
adal height and site index data and
then predicting the regression coeffi-
cients of these equations as functions
of age. Final models are obtained by
substituting the latter equations for
the appropriate coefficients in the
former. Though the resulting equa-
tions are over-parameterized, they fit
the data quite well and were judged to

Obsarved—Predicted Height (ft D)
L} o
>
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—10 T T T T
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Totd Age

01

& Schmidt-WL —+ Nexander-LPP

Figure 4. Mean height residuals for lodge-
pole pine and western larch height growth
curves by Alexander and Schmidt, respec-
tively.

satisfactorily represent the patterns of
height-growth in the sample. No at-
tempt was made to refine or advance
site curve construction methodology
in this study.

RESULTS
Residuals Analyses

Figures 1-4 show the mean height
residuals (observed-predicted) by age
class. Positive values indicate under-
predictions; negative values indicate
overpredictions. The associated site
index curves will give overestimates of
site index where the height growth
curve underestimates, and underesti-

Table 2. Site index and height growth equations for ponderosa pine (PP), Douglas-fir (DF),

western larch (WL), and lodgepole pine (LPP).

Site Index Equations:

PP SI = 59.6 + (4.787 + 0.012544 * A — 1.141 * LnA + 11.44/A%) =
(H-4.5 — 121.4 * [1-EXP(—0.01756 = A)] ** 1.483)

DF SI = 57.3 + (7.06 + 0.02275 * A — 1.858 * LnA + 5.496/A%) *
(H-4.5 — 114.6 * [1-EXP(—0.01462 * A)] ** 1.179)

WL SI = 69.0 + (—0.8019 + 17.06/A + 0.4268 * LnA — .00009635 * A?) +
(H-4.5 — 127.8 * [1-EXP(—0.01655 * A)] ** 1.196)

LP SI

59.6 + (1.055 — 0.006344 * A + 14.82/A — 5.212/A%

(H-4.5 — 96.93 * [1-EXP(—0.01955 * A)] *= 1.216)

Height Growth Equations:

PP H = 4.5 + 121.4 = [1-EXP(—0.01756 = A)] == 1.483

+ (1.189 * [1-EXP(—0.05799 = A)] =* 2.63) * (S/ — 59.6)
DF H = 4.5 + 114.6 = [1-EXP(—0.01462 * A)] ** 1.179

+ (1.703 = [1-EXP(—0.02214 = A)] ** 1.321) = (S| — 57.3)
WL H =45 + 127.8 * [1-EXP(—0.01655 * A)] ** 1.196

+ (1.289 = [1-EXP(—0.03211 = A)] ** 1.047) * (5! — 69.0)
LP H = 4.5 + 96.93 = [1-EXP(—0.01955 * A)] == 1.216

+ (1.410 = [1-EXP(—0.02656 * A)] ** 1.297) * (SI — 59.6)

where

SI = site index, breast height age 50 yr base

H = total height
A = breast height age

Ln = natural logarithm

EXP = exponential function, base e
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Table 3. Mean height residuals (observed-predicted), R, and associated standard errors, SE, for new height growth

curves.
Species
PP DF WL LP

Age n R SE n R SE n R SE n R SE
10 26 21 0.41 51 -03 0.29 31 -03 0.48 37 0.2 0.41
20 29 -0.8 0.66 4 -0.2 0.39 32 -03 0.66 33 ~0.1 0.55
30 30 -1.1 0.59 46 0.1 0.44 29 -0.2 0.65 30 -0.4 0.67
40 36 -0.7 0.43 35 0.3 0.30 29 -0.7 0.40 27 -1.0 0.51
50 31 0.4 0.22 33 -0.1 0.23 24 0.1 0.30 22 0.1 0.41
60 22 0.7 0.4 23 0.3 0.49 18 -0.5 0.49 17 1.5 0.45
70 9 -0.1 0.75 14 -0.5 1.16 14 -0.7 1.05 12 0.6 0.94
80 4 1.7 4.46 8 1.1 1.92 8 1.4 1.67 10 -23 1.77

mates of site index where the height
growth curves overestimate. Trends of
residuals by age class for levels of site
index are discussed but not shown.
Figure 1 shows the results for the
ponderosa pine height growth curves
by Tesch (1980), Lynch (1958), Sum-
merfield (1980), and Barrett (1978).
Tesch’s, Lynch’s, and Barrett’s curves
show similar trends: an overprediction
of height between 20 and 50 years and
an underprediction of height at older
ages. This pattern is evident across all
levels of site index but becomes more
pronounced as site index decreases.
Tesch’s and Lynch’s curves also show
a tendency to underpredict height at
very young ages. Summerfield’s
curves fit the data quite well; they
could be applied to the study popula-
tion without incurring any substantial
bias. The results for the Douglas-fir
site curves by Cochran, Summerfield,
and Vander Ploeg are shown in Figure
2; those for Monserud’s curves are
given in Figure 3. Cochran’s curves
and Monserud’s curves for the grand
fir habitat type series fit the data well,
but Summerfield’s curves and Monse-
rud’s curves for the Douglas-fir and
subalpine fir habitat type series, all
show various degrees of departure
from the height growth patterns in the
data. All three curves tend to under-
predict height for young ages and
overpredict height at older ages. This
pattern of residuals is most evident at
low site index levels (<60 ft) and tends
to become less pronounced as site in-
dex increases. Vander Ploeg’s curves

agree well with the test data at young -
ages but there is a clear trend toward
underprediction at older ages. This
pattern is strongly present at site in-
dexes below 55 ft but virtually disap-
pears at site indexes above 60 ft.

The results for Schmidt’'s (1976)
western larch curves and Alexander’s
(1967) curves for lodgepole pine (as re-
indexed for use with these data) are
given in Figure 4. Neither set of curves
appears to fit the data particularly
well. Schmidt’s curves underestimate
heights at ages less than 40 years and
at ages greater than 80. The pattern
intensifies as site index increases. Al-
exander’s curves overestimate heights
at young ages, but may be adequate
for ages above index age. The pattern
of residuals is similar across all levels
of site index.

Site Curves

Table 2 gives the site index and
height-growth equations, developed
from the study data, for ponderosa
pine, Douglas-fir, western larch and
lodgepole pine. Graphs of the height
growth equations are shown in Fig-
ures 7-10.

As a basis for assessing reliability of
the new curves, the residuals (ob-
served-predicted) of SI and height
were obtained by using the present
stem analysis data as inputs to the site
index and height growth equations.
Means, standard deviations, and stan-
dard errors for the residuals were then
calculated for 5-yr age classes. The de-

gree of bias in the new equations may
be assessed in Tables 3 and 4, which
give the mean residuals, along with
the associated standard errors, for the
site index and height growth equa-
tions by age class for each set of
curves. There does not appear to be
any significant bias.

Figures 5 and 6 show the standard
deviations of the height and SI resid-
uals, respectively, plotted against age.
The standard deviation is a measure of
the variation remaining after the rela-
tionships between height, SI, and age
have been modelled. This variation
consists of two orthogonal compo-
nents (Monserud 1984); within plot
variability associated with the sample
based mean; and variability of the plot
means about the model. The error due
to the within-plot variability can be re-
duced by increasing the sample size of
site trees on a plot. The ““plot about the
model” error cannot be reduced.

It is tempting to use these standard
deviations of residuals to calculate the
number of site trees of a given age
needed to obtain estimates of site in-
dex and/or height to some statistical
standard (Monserud 1984). However,
due to the sampling scheme used in
the study (one tree per plot), these
components cannot be separated.
Thus, precision curves are not possi-
ble. Moreover, the tree selected was
the one with median site index from a
sample of three. Thus, it is likely that
the within plot component of the vari-
ance is seriously under represented. If
this is the case, then the standard de-

Table 4. Mean site index residuals (observed-predicted), R, and associated standard errors, SE, for new site index

curves,
Species
PP DF WL LP
Age n R SE n R SE n R SE n R SE
10 26 -1.25 2.28 46 1.90 1.33 3 1.29 1.21 37 0.28 1.4
20 38 1.01 1.09 44 0.81 0.92 32 1.05 1.04 33 -0.68 1.15
30 31 0.54 0.71 46 0.00 0.67 24 0.02 0.87 30 0.77 1.04
40 36 0.77 0.50 3 0.17 0.57 29 0.78 0.44 27 1.35 0.62
50 31 -0.36 0.23 33 0.22 0.27 18 -0.03 0.35 22 -0.05 0.40
60 22 -0.72 0.39 23 —0.90 0.45 18 0.57 0.46 17 -1.36 0.41
70 9 -0.50 0.69 14 0.30 0.91 14 0.21 0.83 12 -0.64 0.81
80 6 -0.47 2.15 8 -0.78 1.40 6 -0.19 1.61 10 1.31 1.57
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Figure 5. Standard devition of height re-
siduals vs. age for new height growth
curves.

viation of residuals approximates the
between-plot variation only, and rep-
resents the best precision possible. In-
deed, the plots in Figures 5 and 6 re-
semble those presented by Monserud
(1984) for his Douglas-fir curves, both
in shape and magnitude, for large (n >
10) within-plot sample sizes. Assum-
ing similar amounts of variability, ap-
proximately 10 trees per site would be
required to achieve the levels of preci-
sion indicated. :

Of course, it is also true that by in-
creasing the within-site sample size
one may be significantly changing the
population of site trees used to esti-
mate site index, relative to that speci-
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Figure 6. Standard deviation of site index
residuals vs. age for new site index curves.
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Figure 7. New height growth curves for
ponderosa pine.

fied in the sampling design. Depend-
ing on the underlying distribution of
tree heights and ages, greater sam-
pling intensity on a fixed area can sub-
stantially reduce the estimate of SI. For
the present site curves, plot size is not
specified, and considerable responsi-
bility is placed with the user to select
individual trees that (1) exhibit height
growth patterns at or near the poten-
tial for the site, and (2) are potentially
repeatable across the site. If care is
taken to ensure that all site trees fully
meet the criteria specified, a larger
number of trees would be taken on a
larger area, the sampling intensity rel-
ative to the underlying distribution
would remain constant, and no bias
would result.

DISCUSSION

With a few exceptions, the pub-
lished curves did not accurately por-
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Figure 8. New height growth curves for
Douglas-fir.
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Figure 9. New height growth curves for
western larch.

tray the height growth patterns con-
tained in the study data. These results
were not unexpected; they reflect the
differences in populations, defini-
tions, sampling procedures, and curve
construction methodologies used by
the various authors, relative to the
sample to which they were compared.

Generally, the results agree with
Monserud’s (1985) conclusions regard-
ing similarity in shape of Douglas-fir
site index and height growth curves in
the Pacific Northwest. Curves con-
structed from stem analysis based
methodologies applied to data from
populations reasonably close to the
study area agreed most closely with
the test data. These included Monse-
rud’s and Cochran’s Douglas-fir
curves and Summerfield’s ponderosa
pine curves. Site curves that utilized
cross-sectional data and guide curve
techniques (Tesch 1980, Lynch 1958,
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Figure 10. New height growth curves for
lodgepole pine.
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Schmidt 1976), on the other hand,
showed a distinct and consistent un-
derestimation of height at older ages,
suggesting that the assumption of
equal site quality representation across
all levels of age was not met. Alex-
ander’s curves for lodgepole pine were
derived from a sample that encom-
passed the Rocky Mountain, Inter-
mountain, and Pacific Northwest re-
gions. It is not surprising that their
comparison to a small, geographically
and genetically compact population
should show differences. It was also
noted that the pattern of over and un-
der predictions in height relative to the
study data was completely consistent
with the age-related pattern of pre-
dicted site index noted by Alexander
in the presentation of his final curves.
Thus, the differences might be both
methodological and genetic in nature.

Stem analysis based curves from
reasonably close geographic regions
did not always correspond well with
the test data. The study area for
Vander Ploeg’s Douglas-fir curves for
western Montana had considerable
overlap with the current study area
and yet substantial underestimates of
height were noted at older ages. Also,
Barrett’s ponderosa pine curves and
Summerfield’s Douglas-fir curves,
both from east of the Cascade crest
(similar to Cochran’s Douglas-fir and
Summerfield’s ponderosa pine
curves), showed different height
growth patterns from those in the
study data. The cause of the differ-
ences for Vander Ploeg’s curves is
likely related to the absence of plots
with site indexes below 55 ft in his
sample. In the current study, the daa
show a distinct change in curve shape
at low site indexes; Vander Ploeg’s
sample would not have contained this

change For the Summerfield and Bar-
rett curves, 1t 1s unclear to what extent
the causes of the differences are pri-
marily genetic, methodological or
sample based in origin.

The new site curves provide an un-
biased summarization of the relation-
ships between "‘true’” age (as distinct
from ring count) at BH, total tree
height corresponding to that age, and
SI (total height at a BH ring count of
50). This configuration is most appro-
priate for simulation models, which
use true age (trees are assumed to
reach 4.5 ft at the end of a growing
season). Since ring count at BH over-
estimates true BH age by a half year,
field estimates of SI will be biased
downward slightly unless 0.5 is sub-
tracted from the ring count prior to us-
ing the site index equation. It is inter-
esting to note that were the raw height
data adjusted to the ring count data
(by adding a half years growth), the
bias in field estimation of SI would dis-
appear; only to reappear as an overes-
timation of height for the true ages as-
sumed in model applications.

The site curve system developed in
this study provides the user with the
means to identify potential height
growth patterns for ponderosa pine,
Douglas-fir, western larch, and lodge-
pole pine in Western Montana. Any
polymorphism in curve shape is re-
flected only to the extent that it is as-
sociated with levels of site index. [
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Establishment of Jeffrey
Pine Seedlings from

Animal Caches

Stephen B. Vander Wall, Department of Biology, University of
Nevado-Reno, Reno, Nevada 89557 .1

ABSTRACT. Jeffrey pine (Pinus jeffreyi)
seeds have large wings and are effectively
dispersed by wind, but 37% of the seedling
emergence sites in spring 1989 in the Si-
erra Nevada of western Nevada consisted of

! The author thanks David Charlet, Steve
Jenkins, Hal Klieforth, Joseph McAuliffe,
Don Minore, and Sue Wilson for their as-
sistance.
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tight clumps of seedlings. By fall 1989,
41% of all emergence sites where seedlings
survived had resulted from what were orig-
inally clumps of seedlings. As Jeffrey pines
aged, clumps became smaller, and the fre-
quency of clumps decreased. These seedling
clumps and many single seedlings emerged
from the scattered caches of seed-hoarding
rodents and corvids, and the activities of
these animals in the study area were suffi-

cient to account for most of the Jeffrey pine
seedling establishment observed. Cached
seeds may gain important advantages over
uncached seeds in the semiarid habitat oc-
cupied by this pine.

West. . Appl. For. 7(1):14-20

Food-hoarding animals are known to
disperse the seeds of many plants
These animals cache seeds or nuts un-
der a layer of soil or plant litter, and
the propagules germinate in spring if
not recovered. Most attention has
been directed toward corvids (jays and
nutcrackers) and rodents that store
large nuts. Relatively little is known
concerning the influence of rodents as
dispersers of the seeds of conifers,
shrubs, and grasses (see Price and Jen-
kins 1986 for a review). Among pines,
interest has focused on the wingless-
seeded species of the soft pines (sub-
genus Strobus), which are dispersed



