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ABSTRACT. Data from Forest Inventory
and Analysis (FIA) units of the USDA
Forest Service were used to compare
average annual stand-level basal area ac-
cretion onto survivor pines in naturally re-
generated pine stands throughout Alabama
and Georgia. Growth rates measured be-
tween 1972—82 were compared to growth
rates during the previous 10-year survey
cycle in each state. Separate analyses were
conducted for loblolly (Pinus taeda), long-
leaf (P. palustris), shkortleaf (P.
echinata), and slash (P. elliottii) pine
cover types. The unadjusted average stand-
level growth rates for survivor pines 1.0 in.
diameter and greater at breast height were
notably lower for all cover types during the
latter survey in Georgia, while only the
average unadjusted growth of shortleaf was
substantially lower during this period in
Alabama. However, when growth rates
were adjusted with regression models to ac-
count for differences in initial stand struc-
ture (stand size class, stand density, site
quality class, hardwood competition, and
mortality) between the two survey periods,
reductions in average adjusted basal area
growth ranged from 3% to 31% during the
later cycle in both states. The reductions
were statistically significant in almost every
case. The agents causing the growth differ-
ences were not identified, but it is unlikely
that stand dynamics are responsible. The
observational nature of the FIA dataset
precludes further resolution of causal rela-
tionships.
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Reductions in the average radial
increment of naturally regener-
ated yellow pines over broad areas
of the Southeastern United States

were reported by the Forest In-
ventory and Analysis (FIA) Unit
of the Southeastern Forest Experi-
ment Station (Sheffield et al.
1985). Sheffield and Cost (1987),
and Lucier (1988) further inter-
preted these growth reductions
and suggested possible explana-
tions, but their results were incon-
clusive. All of these papers point
to the fact that the observed re-
ductions in tree-level growth rates
were accompanied by simulta-
neous increases in the average
age, density, and amount of hard-
wood competition in natural pine
stands throughout the region.
Hyink and Zedaker (1987) point
out the need to adjust the analyses
to account for these differences in
stand structure.

Our main objective was to ex-
plore the relationship between
temporal differences in stand
structure and changing growth
rates by taking a more rigorous
look at FIA stand-level data from
Georgia and Alabama. Through a
covariate analysis, we adjusted
average basal area growth rates
from the two latest survey cycles
for initial differences in stand size
class, numbers of stems, site
quality, hardwood competition,
and mortality. A secondary objec-
tive was to determine if temporal
patterns in the adjusted growth
rates were consistent between the
two States. Analyses were per-

formed on data from naturally re-
generated stands of loblolly (Pinus
taeda), longleaf (P. palustris), short-
leaf (P. echinata), and slash (P. el-
liottii) pines. In addition to evalu-
ating growth of the merchantable
portions of these stands (trees 5.0
in. dbh and larger), we also com-
pared the growth rates of trees 1.0
in. dbh and larger.

FIELD METHODS

Data for this analysis came from
permanent inventory plots in-
stalled and remeasured by two
separate FIA Units: Southern FIA
for Alabama and Southeastern
FIA for Georgia. Data are drawn
from the fourth and fifth mea-
surement cycles of each State. The
fourth cycle spans the years
1962-72 in Alabama and
1961-72 in Georgia; the fifth
cycle covers the years 1972-82 in
both States.

Although FIA Units strive to re-
tain consistency over time, new
techniques designed to improve
the efficiency of ths surveys are
occasionally implemented. There
are also differences in sample de-
sign among FIA Units, as each
Unit has evolved separately and
tailors sampling procedures to the
particular conditions encountered
within its territory. Basic sampling
procedures, changes over time,
and differences between the two
states are outlined below.

Alabama

All variables described in this
analysis were obtained from per-
manent plots measured during the
third, fourth, and fifth inventories
of the state, conducted in 1962,
1972, and 1982.

The 1962 plots were established
as 10-point clusters of horizontal
point samples. All trees 1.0 in. dbh
and larger were sampled with a
prism having a basal area factor
(BAF) of 37.5 at each of the 10
points. All plots, points, and tally
trees were monumented for fu-
ture remeasurement. Growth
rates from 1962—-72 were com-
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puted from the remeasurement of
sample trees in 1972.

Also in 1972, 1/300-ac fixed
plots were installed at 3 of the 10
points to sample trees from 1.0
to 4.9 in. dbh. These serve as the
initial inventory of small stems for
calculation of growth from 1972
to 1982,

All plots were revisited in 1982,
but only 5 of the original 10 prism
points were remeasured. The
growth of trees between 197282
is thus based on a differencing of
five remeasured prism points for
trees 5.0 in. dbh and larger, and
three remeasured fixed points for
trees below 5.0 in. dbh. Conse-
quently, the variance associated
with prism estimates of the
1962-72 period can be consid-
ered similar to that of one 3.75
BAF prism point, while the vari-
ance for 1972—82 is similar to that
obtained by one 7.5 BAF point.

Georgia

Permanent sample plots in
Georgia were measured during
the third (1961), fourth (1972),
and fifth (1982) inventories of the
state. While the 1962 data in Ala-
bama were collected from a 10
point cluster, the 1961 Georgia
data for trees 5.0 in. dbh and
larger were sampled with a single
point BAF 10 prism plot in each
stand. Each plot was supple-
mented with one centrally located,
1/115-ac fixed plot to tally trees
from 1.0 to 4.9 in. dbh. As in
Alabama, all sample trees were re-
ferenced for subsequent remea-
surement. The remeasurement
plots were differenced to calculate
fourth cycle (1961-72) growth.

After the BAF 10 prism points
were remeasured in 1972, three
new points were installed at each
forest plot for future remeaure-
ment. At each point, tally trees 5.0
in. dbh and larger were selected
with a BAF 37.5 prism, yielding an
effective plot-level BAF of 12.5.
Three 1/300-ac fixed plots also
were installed to sample trees
from 1.0 to 4.9 in. dbh. The center
of the first BAF 37.5 variable-
radius point was the same as the
original BAF 10 plot center. Esti-
mates of basal area accretion were
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obtained from the remeasurement
of these 1972 forest plots in 1982.

SAMPLE SCREENING CRITERIA

The data from each state were
screened to isolate similar sets of
timber stands from the two survey
cycles. Only samples that met the
following criteria for a survey
cycle were retained:

1. Sample points measured at exactly
the same location at the initial and
terminal inventories.

2. No evidence of planting or artificial
seeding.

3. No evidence of cutting during the
measurement period.

4. At least 50% of total initial basal
area per acre (trees 1.0 in. dbh or
larger) in pine species, with the plu-
rality of the pine stocking in the
cover type species.

The number of qualifying
sample plots are listed in Table 1.
Most sample locations survived the
screening for only one of the two
measurement periods and were
used only for the period during
which they qualified. As such,
samples representing the two time
periods are nearly independent.
No attempt was made to track
sample plots for 20 years, as this
would necessarily produce
samples of a population 10 years
older during the second measure-
ment period, and age was not one
of the covariates in the model.

Detailed records were gener-
ated for each sample plot that met
the screening criteria. On each
plot and for each growth period,
the initial inventory and subse-
quent growth of pines 1.0 in. dbh
and larger (PSG1) were calculated.
The growth of pines 5.0 in. dbh
and larger (PSG5) also was calcu-
lated to represent the “merchant-
able” component of each stand.

Growth rates for each stand were

_provided in terms of “pine sur-

vivor growth,” defined as the
average annual basal area incre-
ment per acre onto pines tallied at
the time of the initial inventory (by
either fixed area or variable radius
plots) that survived to the end of
the measurement interval. The
methods for computing survivor-
tree basal area growth rates are
described by Beers and Miller
(1964).

The average values of the de-
pendent and independent vari-
ables for each of the remeasure-
ment cycles are listed in Table 2.

ANALYTICAL METHODS

To account for differences in
initial stand conditions between
the two time periods, we chose a
linear regression model consisting
of fixed and random components.
The fixed components were
survey cycle (C) and site class (S)
Random components were qua-
dratic mean diameter (QMD) of
pines, number of pines 1.0 in. dbh
and larger (N) or 5.0 in. dbh and
larger (N5), pine basal area mor-
tality (M), and the ratio of
pine:total basal area (P), an indi-
cator of hardwood encroachment
These measures were the best co-
variates consistently available for
both survey cycles in both states
for quantifying the influence of
stand structure on growth.

Preliminary structural specifica-
tion of the model was achieved by
working with the loblolly data.
Models were then refitted and
reevaluated for the other cover
types. Trials of numerous candi-
date regression models resulted in
the choice of the following models
when both structural and empir-
ical considerations were balanced:

Table 1. Numbers of plots qualifying for analysis by state, cover type, and survey

cycle.
State Cycle Loblolly Longleaf Shortleaf Slash
............................. (no. of PIOLS) ..ovvriiicriinnriiiiinnnns
Alabama 1962-72 190 62 116 15
1972-82 292 80 139 28
Georgia 1961-72 439 148 238 288
1972-82 361 93 122 210




Table 2. Unadjusted average values of dependent and independent variables by forest type,

survey cycle, and state.

Forest Survey Alabama Georgia
type cycle PSG1 PSG5 M QMD N S P PSG1 PSG5 M QMD N S P
........ (ft¥actyr) ....... (in.) (#) (class) (%)  ........ (ft¥aclyr) ........ (in.) (#) (class) (%)
Loblolly
4 3.06 1.89 0.41 7.3 350 3.2 78 4.06 2.45 0.73 5.9 592 3.6 87
5 3.02 2.18 0.86 6.8 416 2.8 78 2.92 2.27 1.16 6.4 524 3.4 82
Longleaf
4 2.03 1.33 0.11 7.6 180 4.0 87 2.24 1.57 0.15 7.5 176 4.1 95
5 1.93 1.28 0.23 6.9 268 39 83 2.08 1.59 0.17 8.0 205 3.9 93
Shortleaf
4 2.50 1.43 0.51 6.4 462 3.5 76 2.97 1.76 0.51 5.3 498 3.8 83
5 2.28 1.46 1.41 5.3 572 3.2 79 2.23 .68 1.08 54 561 3.6 79
Slash
4 3.02 .95 0.36 6.7 422 3.7 91
5 2.76 .99 0.57 5.7 481 3.6 88

In(PSG1) = by * C1 + b, * C2
+ by * In(QMD)
+ by *In(N) + b,* S
+bg*InM + 1) (1

In(PGS5) = by * C1 + b, * C2
+ b2 * In(QMD)
+ by *In(NB) + b,* S
+ by *P
+ bg * In(M + 1) @)

where variables are described in
Table 3.

The dependent variables PSG1
and PSG5 were transformed by
natural log to satisfy the least-
squares assumption of homoge-
neous variance. The independent
variables QMD, M, N, and N5 were
also expressed in logarithmic form
to linearize their relationship with

the logarithm of pine survivor
growth. Since several of the stands
had no pine mortality, 1 ft of
basal area was added to M for all
samples prior to log transforma-
tion to eliminate the need to delete
samples (Damon and Harvey
1987).

The SAS General Linear
Models (GLM) procedure (Freund
et al. 1986) was used to fit the
models and test hypotheses con-
cerning the significance of the co-
efficients on the survey period
dummy variables (C1 and C2).
Models (1) and (2) were parame-
terized separately by forest type
within their respective State.
Model predictions and root mean
square errors were corrected for
log bias upon conversion to arith-
metic units (Baskerville 1972).

Table 3. Description of variables used in models.

Dependent variables:

In(PSG1) = In (average annual basal area growth onto 1+ in. dbh survivor pine) (ft¥ac/yr)
In(PSG5) = In (average annual basal area growth onto 5+ in. dbh survivor pine) (ft¥ac/yr)

Independent variables:

Name Type Description
c Dummy = Alabama ..........ccoveiiiiiiieeen 1, for 1962-1972;
0, otherwise
Georgia ....ccoveeeeeviiiecniiinnceene, 1, for 1961-1972;
0, otherwise
(ov] Dummy = Both states ......ccocoeevvvviveieinennnns 1, for 1972-1982;
0, otherwise

In(QMD) Continuous = In (initial quadratic mean diameter of 1+ in. dbh
pine (in.))

In(N) Continuous = |n (initial stems/ac of 1+ in. dbh pine)

In(N5) Continuous = In (initial stems/ac of 5+ in. dbh pine)

S Class = Site class, volume growth potential (ft¥/ac/yr); 1 =
>165; 2 = 120~165; 3 = 85-120; 4 = 50-85; and 5
= <50.

P Continuous = initial pine basal area proportion: (basal area (1+
in. dbh pine))/(basal area (1+ in. dbh all species))

InM + 1) Continuous = In (basal area of 1+ in. dbh pine mortality plus 1)

(ft¥/ac/yr)

RESULTS

A general reduction in the
growth of naturally regenerated
pine stands was seen in both states,
regardless of pine cover type. The
specific results of all solutions of
models (1) and (2) are listed in
Table 4. The sample of naturally
regenerated slash pine stands in
Alabama was prohibitively small
and precluded analysis for this
cover type in that state.

No violations of regression as-
sumptions were apparent in any
of the models. Error variances ap-
peared stable across the range of
observations, and residual plots of
PSG1 and PSG5 against each inde-
pendent variable revealed no evi-
dence of curvilinear trends.

The absolute variability in
growth was found to be greater
for smaller diameter stems, as re-
flected by a larger root mean
square error (RMSE) for the PSG1
regressions than for the PSG5
models. Even so, both models had
similar coefficients of determina-
tion for a given species.

Alabama

The least-squares adjusted
means (LSMEANS) for natural
loblolly stands in Alabama exhibit
a 10% reduction for the PSG1
model, and a 3% reduction for the
PSG5 component (Table 4). While
the PSG1 growth difference was
statistically significant, the PSG5
difference was not. This is the
only case tested in either state that
did not yield a significant reduc-
tion. Loblolly comprises approxi-
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Table 4. Least-squares adjusted pine survivor basal area growth and associated statistics, by forest

type, survey cycle, and state.

Alabama Georgia
Forest Survey Adjusted Adjusted
type cycle growth Change Prob.>t rR? RMSE growth Change Prob.>t R? RMSE
(ftz/ac/yr) (%) (ft¥/aclyr) (%)
Loblolly
PSG1 4 2.65 -10 0.04 0.40 2.00 3.61 -23 0.01 0.42 1.86
5 2.37 2.78
PSG5 4 1.71 -3 0.57 0.53 0.93 2.39 —18 0.01 0.51 1.10
5 1.66 1.95
Longleaf
PSG1 4 2.27 -29 0.01 0.54 1.05 1.82 -13 0.03 0.54 1.07
5 1.62 1.58
PSG5 4 1.40 -18 0.01 0.50 0.53 1.23 -1 0.05 0.66 0.66
5 1.14 1.09
Shortleaf
PSG1 4 2.22 -16 0.02 0.43 1.67 3.10 -31 0.01 0.52 1.35
5 1.87 213
PSG5 4 1.49 -14 0.04 0.45 0.69 1.82 —26 0.01 0.40 0.84
5 1.28 1.34
Slash
PSG1 4 — — — — 2.45 -23 0.01 0.36 1.73
5 — 1.90
PSG5 4 — — — — 1.56 -15 0.01 0.43 1.02
5 _ 1.33

* The probability that the least-squares-adjusted means are equal. The probability of obtaining a larger t-value under the null hypothesis that least-square
adjusted mean growth during the fourth cycle equals adjusted growth during the fifth cycle.

mately half of the natural pine
stands in the state.

The Alabama longleaf models
indicate significant reductions of
29 and 18% in their PSG1 and
PSG5 components, respectively.
Results from the shortleaf models
are similar, revealing a 16% re-
duction for PSGI, and a 14% de-
crease for PSG5.

Georgia

The growth of natural pine
stands in Georgia was substantially
less during the fifth cycle for all
cover types. Loblolly growth rates
declined by 23% for PSG1, and
18% for PSG5 (Table 4). Longleaf
growth was down 13% and 11% in
the PSG1 and PSG5 models, re-
spectively. Shortleaf PSG1 and
PSG5 components were signifi-
cantly reduced by 31% and 26%.
The growth of natural slash pine
stands in Georgia fell by 23% for
PSG1, and 15% for PSG5.

DISCUSSION

Sampling Procedures

Southeastern FIA installs more
plots, but of smaller size, while the
Southern FIA plots in Alabama
are about twice the size of the
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Southeastern plots in Georgia.
The smaller plots result in less
within-plot variation, while the
larger plots capture more of the
forest diversity. The major differ-
ence between the two data sets is
that during the earliest survey es-
timates of the 1.0 to 4.9 in. compo-
nent were derived from fixed
plots in Georgia, but were calcu-
lated from prism plots in Ala-
bama. Although differences in
protocol resulted in dissimilar esti-
mation variances between the two
states during the earlier survey,
the sampling methods nonetheless
produced unbiased estimates of
stand parameters.

Plots were screened to isolate
the best data for detecting changes
in growth rates at the state level.
Analyses were confined to pine
because pine stand dynamics are
much simpler to model than hard-
wood stand dynamics. Pine planta-
tions were bypassed because infor-
mation on cultural measures such
as fertilization and genetic im-
provement, critical to proper par-
titioning of plantation data, are
not collected by FIA. Stands that
experienced cutting were elimi-
nated because the exact timing
and extent of the cutting, as well
as its effect on the residual stand,

could not be determined. To the
extent that unthinned stands were
not cut for a reason (i.e., manage-
ment is often concentrated in
better growing stands), the possi-
bility that sample selection during
one or both cycles was biased to-
ward slower growing stands re-
mains. However, the models
would still adjust for any struc-
tural differences.

Models and Variables

Tests of the hypothesis that
basal area growth differs between
the two measurement periods
hinge on having a properly speci-
fied linear model. Omission of a
pertinent variable biases estimates
of the cycle coefficients to the ex-
tent that the omitted variable is
collinear with the survey period
(Belsley et al. 1980). All variables
in models (1) and (2), therefore,
were retained, even in cases where
some failed to contribute signifi-
cantly to the model. This strategy
reduced the chance of bias re-
sulting from model specification
error, but may have inflated the
variance estimates associated with
the measurement cycle coeffi-
cients, especially if serious collin-
earity existed between survey pe-



riod and any of the variables. Re-
taining complete model
specification reduces the likeli-
hood of finding statistically signifi-
cant differences betwen survey
cycles. Thus, our tests for the sig-
nificance of differences between
cycles were potentially conserva-
tive (Pindyck and Rubinfeld
1981).

All variables were evaluated for
potential interaction with the cycle
variables to ensure that the cycle
coefficients were properly param-
eterized and stable for both time
periods. Significant interactions
were observed between survey
cycle and quadratic mean diam-
eter in the Georgia loblolly PSG1
and Alabama shortleaf PSG5
models; between cycle and In(M +
1) in the Georgia shortleaf PSG1,
and Alabama loblolly PSG1
models; and between cycle and
pine ratio (P) in the Alabama
shortleat PSG1 model. The appro-
priate interaction terms were sub-
sequently added to models (1) and
(2), producing the results posted
in Table 4. However, all decisions
to include interaction terms were
empirical. To ensure that statis-
tical decisions were not unduly in-
fluencing the outcome of the anal-
ysis, these models were also fitted
without interaction terms. Solu-
tions without the interactions
yielded LSMEAN estimates that
were essentially the same as those
from models including the inter-
actions.

Hardwood competition, which
we expressed as the percent pine
stocking (1 — hardwood stocking),
could only be examined in a lim-
ited number of ways from the
available data. Thus, we do not
know whether the effects of hard-
woods on pine survivor growth
were adequately captured by the
models. To explore this further,
all samples with less than 85% of
the total stand basal area in yellow
pine species were deleted to mini-
mize the impact of hardwoods.
When Equations (1) and (2) were
refitted to these smaller data sets
(approximately two-thirds of the
plots were retained), growth re-
ductions of similar magnitude
were still evident in every case.
This further suggests that hard-

wood competition is not the prin-
cipal cause of pine growth reduc-
tions. However, more useful com-
petition measures may still be of
value, especially since current
measures do not account for com-
petition from shrubs and herba-
ceous vegetation.

The growth of all survivor trees,
regardless of species, also was
evaluated. The growth decline ex-
hibited by the pine survivor trees
persisted for the whole stand in
both states and for all cover types.
This implies that reductions in
pine growth are not being com-
pensated by increased growth of
the hardwood component.

Site class was estimated from the
heights and ages of dominant
trees on or near each plot. FIA site
class is analogous to site index, but
is expressed in cubic feet of
growth per acre per year at the
culmination of mean annual incre-
ment. The possibility that a dis-
porportionate number of natural
pine stands on superior sites have
been converted to plantations,
thereby reducing the average site
quality in the later survey cycle,
was not borne out by the data. The
mean site class and its distribution
did not change between measure-
ment cycles, suggesting that an ad-
verse migration in average site
quality due to land management
practices is not a likely explanation
for the growth reductions. The in-
clusion of site class in the model,
as well as the large sample size,
should adequately capture the ef-
tect of site. Still, the wide range in
productivity covered by each site
class allows for the remote possi-
bility that site quality has depre-
ciated over time. For example, if
the average production potential
on site class 3 lands fell from 115
to 90 (ft¥/ac/yr), a drop of 22%,
our measure of site quality would
be insensitive to the change.

The Results

The implications of serious
growth reductions during the fifth
cycle must be qualified by the ab-
sence of a definition of “normal.”
Since the comparisons presented
here involve only two periods in
time, it is unclear whether growth

during the fifth cycle was abnor-
mally high, or growth during the
fourth cycle abnormally low. It
was not possible to compare recent
stand-level growth rates with
growth during earlier time pe-
riods. The methods for estimating
growth during the third survey
cycle (conducted during the
1950s) were radically different
from later methods, so compar-
isons with the fourth and fifth
cycles were not possible. It is
therefore not known if the latest
reductions represent the continua-
tion of a downward trend, the
bottom of a long-term cycle, or
simply a return to normal.

Because of the lack of precise
height growth data, it was not
possible to evaluate stand-level
volume growth. Although volume
growth is highly correlated with
basal area growth, the two are not
necessarily linear functions of
each other. This phenomenon has
given pause to more than a few
growth and yield modelers, who
were unable to obtain significant
coefficients for site index models
designed to predict basal area
growth (Brender and Clutter
1970, Farrar 1985). If tree height
growth has accelerated and
average tree taper has changed, it
is conceivable for basal area
growth to decline while volume
growth remains constant or even
increases.

Due to the relatively high PSG1
growth rates of loblolly and short-
leaf pine stands during Georgia’s
fourth cycle, subsequent growth
reductions involving these two
cover types were approximately
twice as large in Georgia as in Ala-
bama (Table 4). However, the re-
lationship was reversed for long-
leaf pine stands. Fouth cycle long-
leaf growth rates for PSGI1 in
Alabama are noticeably high, and
declined by more than twice the
magnitude observed for Georgia.

In general, fourth-cycle esti-
mates of growth vary widely be-
tween states for all cover types, but
fifth-cycle estimates for both states
are more similar in all cases
(Tables 3 and 4). The differences
are puzzling. They may be con-
nected with the wholesale rever-
sion of abandoned farmland to
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forest in the Piedmont of Georgia
following World War II. Roughly
two-thirds of these stands were
naturally regenerated. Conversion
of farmland in Alabama, where
most of the land resides on the
Coastal Plain, was less extensive
during this same period. The rela-
tive brevity of this reversion sug-
gests that there was a large compo-
nent of young old-field pine
stands in the 1961 Georgia forest,
possibly benefitting from the ef-
fects of residual fertilizer and/or
absence of competition from other
species. Growth on these
synchronously reforested acres
might have boosted average
growth rates during the fourth
measurement cycle in Georgia.
However, this argument is diffi-
cult to reconcile with the notably
‘high longleaf growth rates during
Alabama’s fourth survey.

The relatively large growth re-
ductions apparent on stems
smaller than 5 in. dbh in both Ala-
bama and Georgia suggests that if
exogenous factors are involved,
they may be exerting most influ-
ence on the submerchantable por-
tion of the stand. If this is true, the
impact of the growth reductions
may be moderated by long rota-
tions, where many of the small
stems in a young stand would die
due to competition. Reduced
growth onto these small stems
would be lost through normal at-
trition anyway. However, in short
rotation management, where
stems are harvested at small diam-
eters, the impact of reduced PSG1
growth is more pronounced.

In both Georgia and Alabama,
numbers of pine stems per acre
accounted for more variation than
all the other covariates combined.
A positive coefficient for the vari-
able confirms the large impact
that successful regeneration has
on pine production at the stand
level. Although substantial growth
reductions persisted after ac-
counting for differences in initial
pine stocking, factors that affect
pine regeneration in natural
stands merit further attention.

Any differences in initial stand
condition beyond the stand struc-
tural covariates examined in the
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models were uncontrolled in these
analyses. Other expressions of
stand conditions that were not
used may further explain the dis-
parity in growth. Notably absent is
an accounting for exogenous
stand factors, such as temperature
and precipitation. Data on these
factors are difficult to obtain at the
localized plot level across large re-
gions. The extent to which natural
variations in climate could further
explain the reduction in growth in
natural pine stands in not known.

There remain some significant
and somewhat perplexing differ-
ences between the growth patterns
in these two neighboring states. In
Alabama, but not in Georgia, the
unadjusted mean basal area
growth per acre has increased for
the merchantable (PSG5) compo-
nent of loblolly natural stand
(Table 2). What has declined is the
adjusted growth (i.e., the growth
expected if the model specification
is correct for both periods). Our
efforts to test the validity of the
model indicate that it is indeed
specified correctly. The only re-
maining caveat is that, with the
models exhibiting coefficients of
determinations in the ranges re-
ported, it remains possible that
unspecified covariates correlated
with period, but not identified in
the model, could account for the
apparent decline. However, these
unresolved differences between
the two states do not compromise
the significance of the results re-
ported here.

In a study of “Simpson’s Par-
adox” in Alabama’s natural and
planted loblolly pine stands,
Thomas and Parresol (1989)
showed that mean basal area
growth rates were high even
though basal area growth by diam-
eter class for all diameter classes
was lower for 1982 vs. 1972.
Simpson’s paradox can occur
when a population is broken down
into classes (stratified). Every class
mean for the first population (A)
may exceed those of a second pop-
ulation (B) even though the grand
mean for B is greater than that for
A. Consequently, the appearance
of a 10% growth decline in Ala-
bama’s natural loblolly stands due

to lower growth of the PSG1 com-
ponent is tempered by only a
modest 3% decrease in the growth
of the merchantable (PSG5) stand
component. However, in Georgia
significantly large reductions in
both total stand and merchantable
stand components persist for all
cover types.

Another study involving a dif-
ferent data set and analytical tech-
niques corroborates the results
presented here. Zahner et al.
(1989) analyzed tree-ring data
from natural loblolly stands in
Georgia, North Carolina, and
South Carolina. After factoring
the influences of both stand dy-
namics and drought from the ring
chronologies, they reported a 20%
reduction in ring widths during
the same time span.

CONCLUSIONS

In both Alabama and Georgia, a
consistent pattern of declining
growth in naturally regenerated
stands is manifested across all pine
forest types after adjusting for dif-
ferences in initial stand structure.
The magnitude of the reductions
ranged from 10% to 31% for the
growth of all pines with initial dbh
1.0 in. and larger. Reductions for
pines with initial dbh 5.0 in. and
larger ranged from 3% to 26%.

The agents responsible for the
growth differences observed in
these two states were not identi-
fied. Any further resolution of po-
tential causal relationships using
FIA data would require the accep-
tance of untested assumptions and
considerable speculation, espe-
cially since they are observational
rather than experimental, are sta-
tistically unbalanced with respect
to influential variables, and do not
account for any exogenous factors
such as climate or pollution. This
analysis does, however, minimize
the chance that any obvious stand
structural factors are responsible
for the growth differences. It also
identifies situations where growth
differences are occurring, thereby
serving as a guide for future re-
search into causal relationships. O
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Fusiform Rust Incidence in
Loblolly and Slash Pine
Plantations in East Texas

Alexandros A. Arabatzis and Timothy G. Gregoire,
Department of Forestry, Virginia Polytechnic Institute and State
University, Blacksburg, VA 24061-0324 and J. David Lenhart,
School of Forestry, Stephen F. Austin State University,

Nacogdoches, TX 75962-6109.

ABSTRACT. A method to predict the inci-
dence of fusiform rust (Cronartium
quercuum [Berk.] Miyabe ex Shirai f. sp.
fusiforme) in unthinned loblolly (Pinus
taeda L.) and slash pine (Pinus elliotti
Englem.) plantations located on non-old-
fields in East Texas is presented. In addi-
tion, procedures are described to estimate
changes in rust incidence over time as:

1. A rust-free tree remains rust free, de-
velops stem or branch galls, or dies.

2. A tree with branch galls remains with
branch galls only, develops stem galls,
or dies.

3. A tree with stem galls remains with stem
galls, or dies.

Multinomial logistic regression models uti-
lizing basic plantation parameters as pre-
dictors were fit to estimate current rust in-
cidence and, then, the change in rust con-
dition over time.

South. J. Appl. For. 15(2):79—-84.

Fusiform rust, caused by the
fungus Cronartium quercuum
(Berk.) Miyabe ex Shirai f. sp. fusi-
forme, is the most damaging dis-
ease of loblolly and slash pines, the

two major pine species in the
southern United States. Annual
losses in the order of $130 million
(Anderson and Mistretta 1982)
underscore the need for assessing
the incidence of this disease so
that detection, control, and pre-
vention practices can be efficiently
deployed.

The purpose of this study was to
predict the incidence of fusiform
rust in planted stands of loblolly
and slash pine in East Texas. By
incidence we mean the proportion
of trees in a stand in each infec-
tion-level category; and the
change in these proportions over
time, henceforth called the transi-
tion proportions. Shoulders and
Nance (1987) compiled statewide
summaries of similarly defined
transition proportions and ob-
served that transition proportions
may vary widely among stands.
Our modeling effort was intended
to provide more precise estimators
of stand-level transition propor-

tions by including stand attributes
as explanatory factors.

Within a timber stand, rust pro-
portions follow a multinomial dis-
tribution. Accordingly, multino-
mial logistic regression (MLR)
models were fit. The MLR model
estimates the probability of an
event. When applied to a stand of
trees, this probability is inter-
preted as the estimated propor-
tion of trees in a certain class.
MLR models can accommodate an
arbitrary number of classes; when
only two classes are recognized,
the MLR reduces to the binary lo-
gistic model, which has been
widely used in forestry to model
mortality (see, for example, the
work by Monserud 1976, Ham-
ilton 1974 and 1986, and Ham-
ilton and Edwards 1976).

DATA

Data from the East Texas Pine
Plantation Research Project
(ETPPRP) were available for anal-
ysis. The ETPPRP is a long-range
project initiated in 1982 by the
School of Forestry at Stephen F.
Austin State University and partic-
ipating forest industries! (Lenhart
et al. 1985). Each of the 252
ETPPRP permanent plots (173 in
loblolly and 79 in slash) is located

1 The continuing support from the par-
ticipating companies— Champion Interna-
tional Corporation, International Paper
Company, Louisiana-Pacific Corp. and
Temple-Inland Forest Products Inc.—is
appreciated.
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