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Polymorphic Site Index Curves For Shortleaf 
Pine In The Ouachita Mountains 
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Polymorphic site index curves for shortleaf pine at ages 25 and 
50 were derived from stem analysis data collected in the Oua­
chita Mountain Province. Curve shape was significantly related 
to site quality. The polymorphic curves are preferable to stand­
ard anamorphic curves for stand ages less than 30 to 40 years, 
especially for site indices greater than 60. The polymorphic 
curves produce unbiased estimates for all ages and site qualities 
and they reduce estimation errors. 

Additional keywords: Pinus echinata, productivity, growth pat­
terns, stem analysis. 

In the 5-million-acre Ouachita Mountain Province of west-central 
Arkansas and southeastern Oklahoma, shortleaf pine (Pinus echinata 
Mill.), the most important timber species, grows at widely varying 
rates on the different soils and topography on which it is found. 
Forest managers in the Province commonly use site index to estimate 
productive potential for shortleaf pine because the method is simple, 
easy to apply, and accurate when site index curves are reliable. In 
recent years, however, there has been increasing evidence that con­
ventional harmonized site index curves for broad regions can be 
improved upon. 

This paper presents improved curves for shortleaf pine in even­
aged stands in the Ouachita Mountains. The curves given are poly­
morphic. That is, the shapes of the curves vary with site quality. 
Tree height at age 50 was the base for calculations, but curves for 
tree height at age 25 are also presented. 

Until now, the most reliable references for computing site index 
of shortleaf pine in the Ouachita Mountains were conventional har­
monized curves for the whole South (12) and adjusted curves for 
the Piedmont Plateau ( 6) . Since direct measurement of site index 
is the only method presently available for measuring shortleaf pine 
site quality in the Ouachita Mountains, the improved curves should 
be valuable to land managers. 
1 The authors are Associate Silviculturist stationed in Fayetteville, Arkansas, and Assistant 
Professor of Forest Biometrics, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia. 



METHODS 

The stems of two dominant or codominant trees on each of 216 
plots were analyzed. The plots were located to represent the normal 
range of site conditions in natural even-aged shortleaf pine stands 
in the Ouachita Mountain Province ( table 1). Stand age ranged 
from 45 to 89; thus, site index was either determined directly or 
required only short extrapolations. 

Table 1.-Shortleaf pine plot distribution 

Total age 
(years) 33-44 45-54 

Site index class 
55-64 65-74 75-84 Total 

- -- - ----Number of plots - - - --- --

45-49 

50-59 
60-69 
70-79 

80-89 

Total 

1 

2 
3 

2 

8 

5 
28 
20 

7 
1 

61 

4 

34 
27 
11 

2 

78 

6 
24 
16 

3 
2 

51 

5 
10 

3 

18 

21 
98 
69 
21 

7 

216 

Stems were sectioned at 0.5 foot, 4.5 feet, and at intervals of 4 
to 12 feet up to the growing tip of the trees. Total height was 
recorded for each tree, and annual rings were counted at each of 
the sectioned points. 

Ring counts were converted to tree age at each section point. 
Heights and ages of individual trees were then plotted and inspected 
for indications of suppression or top breakage. Growth values of 
individual trees on each plot were next combined to form one average 
curve per plot. Each average plot curve was adjusted for possible, 
bias resulting from section points falling below terminal buds (5) 
and then placed in a 10-foot site index class based on tree height 
at age 50 years.' Possible bias due to correlations between stand age 
and site quality was compensated for by the proportional correction 
method of Curtis (8). These adjusted plot curves were used for all 
subsequent computations. 

The individual adjusted plot curves were then combined to form 
.one average height-age curve for each 10-foot site index class. These 
curves indicated the general pattern of height growth of each site 
index class and were compared with all mathematically derived 
curves. 

• Heights were extrapolated to age 50 for 21 plots with ages of 45 to 49 years. 
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ANALYSIS OF DATA 

Several linear growth equations and one nonlinear equation were 
tested to determine which most nearly described the observed height 
growth patterns of the individual site index classes. Although the 
linear equations produced high coefficients of multiple determination 
( R2), the curves derived from these equations did not adequately 
describe growth patterns. Curves derived from the nonlinear model 
described average height growth patterns for all site index classes. 

The nonlinear model was that of Richards (10); it has been suc­
cessfully applied to height growth patterns of several species (1, 2, 
5, 7). The form of the equation was : 

H=b1 [1 - exp(-b 2age ) ]b3 (I) 

where His height at a given age and b 1 , b2, and b3 describe ultimate 
tree height, rate of tree height growth, and initial pattern of height 
growth, respectively. 

The shapes of the average height-age curves varied somewhat 
between high and low site classes . Each site index class, therefore, 
was analyzed separately, and a height-age curve was calculated for 
the class from its equation. These curves also indicated slightly dif­
ferent shapes between high and low sites. The relationships between 
the various coefficients ( b 1 , b 2 , b3 ) and site index were then analyzed 
graphically and by regression. First, the coefficients for each site 
class equation were plotted versus site index. The graphs for b 1 and 
b2 indicated linear relationships with site index. Regression analysis 
indicated that both b 1 and b2 were significantly correlated with site 
index. As an expression of ultimate tree height, b 1 was expected 
to be significantly related to site index. The significant correlation 
between site index and b 2 , which expresses rate of height growth, 
indicated a polymorphic relationship between levels of site index. 

The relationship between curve shape and site index indicates 
that shortleaf pine height growth, rather than being a function of 
age only ( as in equation I ), could be expressed in terms of age and 
site index. This possibility was investigated by substituting for b 1 

and b2 in equation I thus producing the five parameter model: 
H=[a0 + a 1 (SI ) ] [1-

exp [ - ( a2 + a3 (SI) ) Age J ] a 4 ( II) 

which expresses height as a function of site index ( observed height 
at age 50) and age. Fitting this model to the combined data for all 
plots produced the equation: 

H = [20.975 + 1.2113 (SI ) J [1 - exp [ - ( 0.012362 
+ 0.00013639 (SI )) Age]] 1.001 s (III) 

R2 = 0.991 
Standard error of estimate = 2.14. 
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This model has the advantage of requiring only a single equation 
for generation of polymorphic height-age curves. Since the model 
was derived from the entire data set, the curves produced should 
be more representative of average growth patterns than would the 
individual site curves derived from the data representing discrete 
site index classes. In the 40- and 80-foot site classes, for example, 
there is evidence of a skewed distribution of plot site index. Only 
eight plots were observed in the 40-foot class and 18 plots in the 
80-foot class. Mean site indices for these classes were 42 .7 and 77.2. 
Height-age curves derived for the discrete site index classes based 
on this skewed data distribution might be representative of the 
high or low portions of the class rather than the entire class. 

Polymorphic site index curves (fig. 1 )' were generated from 
equation III. The shapes of these curves agree closely with those 
of the average site class curves ( fig . 2 ) for all classes and ages except 
40 feet at older ages. In that class, height growth shown by equation 
III leveled off more with advanced age than in the average curve 
for site class 40. 

Although a 50-year base for site index curves is most common 
in the study area, there is increasing interest in site curves for 
younger base ages. Shortleaf pine site index curves for a base age of 
25 years were also generated with equation III ( fig. 3 ) . From the 
equation, the site indices at age 50 required to produce even 20-
through 60-foot heights at age 25 were calculated. These values were 
substituted in equation III, which was solved for heights at ages 
10 through 50. 

COMPARISONS WITH CONVENTIONAL CURVES 

In the Ouachita Mountain Province, Miscellaneous Publication 50 
(12) and Coile and Schumacher (6) are the most common sources 
for shortleaf pine site index curves. The Miscellaneous Publication 
50 curves were constructed from average height-age data collected 
from 186 stands throughout the South according to the guide curve 
procedure described by Bruce (3). The Coile and Schumacher curves 
were prepared for the Piedmont Plateau by adjusting the Miscel­
laneous Publication 50 curves to correct for observed overestimation 
of site index in young stands. 

In recent years the ability of such regional harmonized anamor­
phic curves to accurately represent the growth patterns of individual 
stands has become increasingly suspect. Curtis (8) indicated that 
one principal source of error in the guide curve could result from 
correlation of site quality and age of the sample stands. A second 

• When preparing figure 1, it was necessary to make a slight adjustment in the predicted 
heights so that the curves passed through site index at age 50. 
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source of error results from the assumption of a constant proportional 
relationship between the growth curves for all sites and stand con­
ditions. The assumption of proportionality between curves has been 
proven invalid for many species (1, 2, 4, 5, 9, 11). 
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Figure 1.-Polymorphic site index curves (base age 50) for short­
leaf pine derived from stem analysis data. Dashing 
indicates extrapolations beyond the range of original 
data. 
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Figure 2.-Comparison of Equation III curves and average curves 

for individual site index classes. 

The curves of Coile and Schumacher generally agree with the 
equation III curves for ages greater than 50 years, but differ markedly 
at younger ages at which they would give consistently lower esti­
mates of site index ( fig . 4). For example, a tree at age 20 that is 
37 feet tall would have a site index of 60 according to the Coile and 
Schumacher curves and a site index of 70 using the equation III 
curves. The differences between the curves is the most pronounced 
for stands of age 30 or less. 

Agreement between the Miscellaneous Publication 50 and equa­
tion III curves was also fairly close for all sites and ages above index 
age. For younger age classes the two sets of curves are very close 
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Figure 4.-Equation III cur ves compared to site index curves of 
Coile and Schumacher . 

100 

for poor sites, but the Miscellaneous Publication 50 curves tend to 
produce higher estimates of site index for sites above index 50 than 
do the equation III curves ( fig. 5 ) . At age 20 the difference in site 
index between the two sets of curves would be approximately 3 
feet at site index 60, 5 feet at site index 70, and 8 feet at site index 
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Figure 5.-Equation III curves compared to Miscellaneous Publi­
cation 50 curves. 

100 

80. The difference between the two sets of curves becomes less 
with increasing age up to age 50. Due to the close agreement ob­
served between the Miscellanous Publication 50 and equation III 
curves, predictive ability of each set was evaluated. Height-age data 
for testing the site curves could be obtained from two sources: an 
additional set of data from new plots or a random sample of the 
available plots. In the latter case, a new set of curves must be 
derived from the remaining data, then predictive ability of these 
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curves can be evaluated on the withdrawn data. Since it was not 
feasible to take new plots, 25 percent of the plots were withdrawn 
for the test. The new set of polymorphic curves based on 75 percent 
of the data were found to be nearly identical with the equation III 
curves presented in figure 1. Tree heights at ages 10, 20, and 50 
( site index ) were read directly from the height-age curves of each 
test plot. Site index values for each plot were predicted from heights 
at ages 10 and 20 years. In figure 6, the deviations of estimated site 
index from observed site index on each plot are compared for each 
set of curves. The deviations in 6 A and B are for estimates based 
on height at age 10, while 6 C and D represent the deviations of 
estimates based on height at age 20. Figure 6 A and C indicate that 
the errors of estimates for the Miscellaneous Publication 50 curves 
are strongly correlated with observed site index, with the magni­
tude of the errors increasing with increasing site index. A similar 
bias exists at age 30 but the magnitude of the errors is lower. The 
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Figure 6.-Miscellaneous Publication 50 curves yielded biased esti­
mates of site index in stands at ages 10 (A) and 20 (C). 
Polymorphic curves produced unbiased estimates at 
these stand ages (Band D). 
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polymorphic curves allow for a change in growth pattern with the 
level of site index, produce unbiased estimates of site index, and 
reduce the magnitude of errors (fig. 6 B and D). 

The results of this evaluation indicate that all three sets of curves 
produce fairly reliable estimates of site index in even-aged stands 
older than 40 years. However, site index estimates are most often 
required for younger stands. The Coile and Schumacher curves 
appear unreliable for all young stands in the study area. The Mis­
cellaneous Publication 50 curves appear to be fairly reliable for 
young stands on poor sites, but probably produce biased site index 
estimates for very young stands on good sites. Since polymorphic 
curves derived from equation III produced unbiased and reliable 
estimates for all sites and ages, they are recommended for site index 
measurements in the Ouachita Mountain Province. 
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Polymorphic site index curves for shortleaf pine at ages 25 
and 50 were derived from stem analysis data collected in 
the Ouachita Mountain Province. They produce unbiased 
estimates for all ages and site qualities and reduce estima­
tion errors. 


