
















































































































































































































































































































































































study when each subplot reached a similar ending density, mean diameter was general-
ly less in plots with high initial densities. This agrees with Lanner's (1985) findings
of decreased diameter at high densities, although another possible explanation for this
trend is that diameters are lower for the higher number subplots at the top of the slope
where soil depth is lower.

Hardy-Weinberg analysis yielded significant deviations from the expected in
four of the ten cases. Two of these cases, DIA and PGI1, appear to be due to the
small sample size, as the significant deviations for these two loci depend on the pres-
ence or absence of just a few individuals. However, PGD and SAD show deviations
in high frequency genotypes (Table 4-4). PGD shows an excess of heterozygotes and
a corresponding paucity of homozygotes, while SAD is significant due to a paucity of
heterozygotes. These deviations may still be due to the small sample size or they may
be present due to preferential selection of genotypes. Since Hardy-Weinberg analysis
did not yield overwhelming results in a consistent direction (homozygote or hetero-
zygote excess) for both enzymes involved, it is difficult to interpret these results as
significant.

Raw data for H statistics in each plot for each enzyme, as well as enzyme and
plot means are given in Table 4-5. H statistics analyzed according to density category
yielded interesting results. Figure 4-4 shows that at both the low and high density
ends, heterozygosity (H) was lower than in the middle categories. The highest level
of ending heterozygosity appears to be in the medium-low density category. The
analysis of variance test, however, shows that the means are not significantly different

from each other.
Discussion
As competition for a resource increases, a lower proportion of individuals will

be successful at obtaining adequate amounts of it. Ledig et. al (1983), after observing
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age-dependent correlations between heterozygosity and growth rate, suggested that the
differential abilities of plants may be evident only under competitive conditions.
However, Thomas and Bazzaz (1993) found that genotype explained much more
variance in size when clonal individuals of the herb Polygonum pensylvanicum were
not competing than when they were grown at high densities. Plants grown individual-
ly in like cenditions were able to express genetically determined growth rates. When
plants were grown at high densities, initial differences in germiration time, suitability
of microsite, and stochastic processes had a greater effect on plant performance than
genetic make-up. This pattern may apply also to forest trees, and may account for
whether or not genetic heterozygosity is correlated with fitness traits.

In loblolly pine stands, competition intensity increases as a cohort of seedlings
gréws, leading to the thinning stage where mortality of suppressed individuals takes
place (Knox et. al 1989). Early in stand development, when trees are small, asym-
metric competition for light is not intense. In patches where several trees are grow-
ing, competition may be quite intense, but because conditions are patchy with some
trees growing alone, the mean level of competition is lower than later on when trees
become larger and crowns overlap. As the crowns enlarge, the trees require more
resources and capture increasing light, causing competitive interactions to increase.
The results indicate that early on in stand development, diameter was correlated with
heterozygosity. During the early stages of growth, when competition for light was
less intense, the trees were able to grow at their own inherent growth rates, which are
prompted by the level of genetic heterozygosity. Lanner (1985) found that tree dia-
meter growth was severely reduced by intense competition. The implication here is
that after the onset of intense asymmetric competition, the effect of heterozygosity
was no longer significant to a tree's diameter growth. Once competitive interactions
began, the influence of genotype on diameter growth ceased to have an effect. This is

evidence that competition can alter the effect of genotype on individual growth.
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It could be predicted that the longer a tree goes without competitive influences,
the more its genetic make-up will influence its growth and morphology. As interac-
tions with other plants begin, the competitive conditions alter genetic performance.
Hamrick, Plait, and Hessing (1992), found that heterozygosity was higher in mature
stands of longleaf pine than in juvenile stands. Longleaf pine grows in especially
patchy conditions and during the "tussock grass" stage does not compete with neigh-
bors for light. Growth without competition during the early years could predispose
individuals in a cohort with higher genetic growth rates to an advantage from avoiding
competition-induced alterations in morphology and growth.

For loblolly pine, growth without competition, as may be found in an initially
low-density stand, would allow genetic differences between individuals to influence
the outcome of the self-thinning stage. This early respite from competi'tion could
result in higher success of more heterozygous individuals later on as competitive
processes commence during the self-thinning stage. Weiner and Fishman (1994)
found that height was most important in determining competitive success, but it should
not be interpreted as contradictory that height is not correlated with heterozygosity
throughout the years in this study, as the dead trees are missing from the allozyme
analysis. It is, therefore, impossible to determine whether heterozygosity among
those trees was lower. An early advantage could predispose heterozygous individuals
to higher growth rates later on as competition for light ensues, if they have a height
advantage when crowns begin to overlap. As self-thinning begins, if the more hetero-
zygous individuals have a height advantage, they will have a higher probability of
survival, because due to asymmetric competition for light, taller individuals suffer less
mortality. This could account for the higher levels of heterozygosity in mature vs.
Jjuvenile natural stands reported by other investigators (Hamrick, Platt, and Hessing
1992; Brotschol et al. 1986; Farris and Mitton 1984).

Density analysis by category showed the nonsignificant trend that heterozygosi-
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ty is lower at both the low and the high end of the density gradient. This could in-
dicate that the level of stand heterozygosity can be altered by differences in initial

density and therefore the amount of competition a stand undergoes during develop-

>

ment. At the low end of the density gradient, lower mortality results in a higher
proportion of the sriginal members dominating the stand. Inbred individuals, which
are often less vigorous than outcrossed individuals, have a higher probability f sur-
vival under the reduced competition, yielding a lower heterozygosity (H) value. At
the high end of the density gradient, severe competition results in high mortality.
Stochastic influences early on, such as microsite quality and germination time have a
greater effect on growth, so that height at an early age is random with respect to
genotype. If the plants begin to compete early, genotype plays a small role. In the
medium range, especially at the medium-low end, the lack of competitive interactions
during early giowth allowed trees to overcome stochastic effects such as germination
time and resource patchiness, and grow at inherently-determined growth rates. Once
competition began at the medium low range, heterozygous individuals already gained
a foothold and were able to better outcompete the more homozygous individuals.
Ledig et al. (1983), in presenting age-dependent correlations in Pinus rigida,
predicted that different genetic abilities of trees would only be expressed under highly
competitive conditions. I argue that the absence of competition allows genetic differ-
ences in growth to be expressed and measurable. This study suggests that a period of
low competition is needed to establish genetic differences between individuals.
Asymmetric competition for light occurring after this initial phase may magnify
genetically-determined morphological differences leading to higher levels of heterozy-

gosity once the stand matures.
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Table 4-1. Duke Forest Plot Statistics.
Mean heights and Diameters for both 1992 and 1933 are based on individuals surviv-
ing to ending density, 1993.

Plot Plot Plot Plot Plot Flot Flot
12 14 15 17 19 21 23

Initial 25 51 79 149 236 431 1173
Density
(#/0.1 acre)

Ending 16 17 19 19 15 26 10
Density
(#/0.1 acre)

# Trees 16 17 19 19
Sampled
Allozymes

Mean Ht
& SD
1933

(Ft.)

Mean Et 33.
& SD
1992
(Ft.)

Mean DBH
& SD
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(Inches)

Mean DBH 38.
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Table 4-2. Analysis of Variance: DBH = Plot Heterozyeosity

Type III Sums of Squares
Dependent Variable = Diameter at Breast Height

Year

R?.

p (PLOT) p (Heterozy.) slope p
1933 0.0001 0.04 0.18 0.48 0.0001
1935 0.0001 0.02 0.26 0.68 0.0001
1938 0.0001 0.02 0.36 0.75 0.0001
1946 0.0001 0.07 0.37 0.75 0.0001
1950 0.0001 0.26 0.27 0.70 0.0001
1955 0.0001 0.45 0.20 0.68 0.0001
1959 0.0001 0.70 0.11 0.65 0.0001
1966 0.0004 0.97 -0.01 0.58 0.0001
1977 0.02 0.68 - -0.18 0.43 0.0001
1984 0.04 0.72 -0.18 0.35 0.0001
1988 0.08 0.70 -0.20 0.32 0.0001
1992 0.18 0.47 -0.40 0.28 0.0005
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Table 4-3. Intercepts and Slopes for Heterozveositv vs. Diameter in 1938

Plot # Intercept Slope
12 17.70 0.49
14 16.15 0.16
15 13.51 0.63
17 12.20 0.18
19 10.45 0.59
21 9.62 0.32
23 7.50 0.15
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Table 4-4. Hardy-Weinberg Analysis for PGD and SAD

PGD Genotype obs exp X2
33 49 55.8 0.8
34 58 46.0 3.1
35 9 7.4 0.3
44 4 9.5 3.1
45 2 3.1 0.4
55 0 0.2 0.2
8.1 > 7.81
SAD Genotype obs exp X2
22 14 7.6 5.3
24 33 45.7 3.5
44 75 68.6 0.6
9.47 > 3.84
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Table 4-5. Population-level Heterozygosity (H) Statistics for Plots and Enzymes -

Plot Plot Plot Pict Plot Plot Plot

Enzyme 12 14 15 17 19 21 23 Mean
DIA 0 .06 05 05 0 .04 0 03
FE 37 .17 41 16 53 38 .20 32
GDH 31 47 0 26 47 42 0 32
GOT2 31 53 74 21 40 46 .30 43
IDH 06 .06 .06 05 0 .1 0 .06
MDEZ 6 .42 05 .05 07 O .10 05
PGD 56 .65 58 .63 .60 .46 .50 57
PGIL 12 0 06 .05 .07 .08 0 06
PGI2 50 65 53 53 67 65 .60 59
SAD 31 41 16 26 27 23 30 27
Mean 209 313 264 225 308 283 200 257
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Figure 4-1. Loblolly pine subplots in Duke Forest. The plot slopes from north,
northwest to south, southeast. Subpiots measure 20.1 m on a side. Scale is approx-
imate.

120



(3]

A
N
Dl Wind
—»
]




Figure 4-2. Relationship between the number of heterozygous loci and diameter at
breast height (DBH) in 1938.
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Figure 4-3. Relationship between initial density and diameter at breast height (DBH)
over time. Subplot numbers and initial densities are as follows: plot 12 (25 trees in
1933), plot 14 (51), plot 15 (79), plot 17 (146), plot 19 (222), plot 21 (427), and plot
23 (1168).
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Figure 4-4. Ending stand H (population-level heterozygosity) statistics for each of the
density classes. Classes are as follows: Low (plots 12, 14, 15, 17), Medium-Low
(plots 14, 15, 17, 19), Medium-High (plots 15, 17, 19, 21), and High (plots 17, 19,
21, 23).
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