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Summary

The objective of this study was to determine the amout
of microgeographic differentiation within the Fraser fir
(Abies fraseri (Purss) Poir.) on Mt. Rogers, Virginia, an
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isolated relic population. Three hundred and four trees
from 35 plots were analyzed for 13 isozyme loci. Four loci
were polymorphic but there were no significant differ-
ences in gene frequencies among three subpopulations.
WricHT’'s F-statistics, and Grecorws’ “d” index indicated
little or no substructuring of the population. Lack of
barriers to gene flow between subpopulations contributed
to the lack of population differentiation.

Key words: genetic diversity, subpopulation, F-statistics.

Introduction

For most tree species 80% to 90% of isozyme variation is
within populations (MirroN, 1983); and because of this
there has been considerable interest in quantifying ge-
netic diversity on a microgeographic scale. Results from
previous studies lead to conflicting conclusions. Some
studies have detected microgeographical differentiation of
gene or genotype frequencies (LinuarT et al., 1981; KNowLEs,
1984; Knowres and Granr, 1985; GreGorius et al., 1986) and
it has been assumed that this genetic substructuring is
primarily the result of limited seed dispersal and mating
of related individuals. Other studies have not detected
any microgeographic patterns (Guries and Lebig, 1977;
Roserps and ConkLE, 1984; NeaLE and Apawms, 1985; EPPERSON
and AvrrLarp, 1989; MoraNn and Apawms, 1989), suggesting
that high levels of outcrossing, and extensive gene flow
by pollen and seed dispersal are dominant forces in pop-
ulation structuring.

It is difficult to draw generalized conclusions about
within population genetic structure in forest trees when
the evidence is so conflicting. More studies of different
species in various stand conditions are needed to provide
definitive conclusions about the relative frequency and
importance of within population patterns of genetic varia-
tion.

The Fraser fir (Abies fraseri (PursH) Poir.) population
on Mt. Rogers, Virginia (Latitude 36° 40’N, Longitude 81°
30°W) provides an excellent opportunity for studying
microgeographical patterns of isozyme variation. This
population occupies a great variety of sites and varying
stand conditions. The disturbance history of the popula-
tion is variable as well. Some stands in the population
have been heavily disturbed by logging, grazing and fire.
Others have not been subjected to extensive anthro-
pogenetic disturbance (Pyre et al., 1985). We hyphothesized
that these differences in site and stand conditions, and
disturbance histories, could create conditions suitable for
the development of microgeographic genetic variation.

Thre have been several studies of range-wide morpho-
logical, monoterpene, and isozyme variation of Abies
species in eastern North America which have included
samples from Mt. Rogers (RosinsoN and THor, 1969; CLARK-
soN and FairBroTHERs, 1970; ZavariN and S~ajBerx, 1972;
Tuor and BARNETT, 1974; Jacoss et al., 1984). None of these
studies sampled more than 20 to 30 trees from the Fraser
fir population on Mt. Rogers. While such limited sample
sizes may be adequate to characterize average allele fre-
quencies over the entire population, they are insufficient
for investigating within population genetic structure. The
primary objective of this study was to quantify micro-
geographic patterns of isozyme variation in the Fraser
fir population on Mr. Rogers.

As an aid in determining the role that gene flow may
play in influencing population substructuring, the second
objective was to determine the potential for gene flow
via pollen exchange by observing variation in dates of
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pollen relase and female receptivity. Extensive gene flow
may prevent subpopulation differentiation. Few studies
have quantified the potential for gene flow via pollen
and at the same time determined the genetic structure of
the sampled populations. Scuuster et al. (1989) docu-
mented that some populations of limber pine (Pinus
flexilis James) on an elevational transect do not have
overlapping pollination periods which may be a signifi-
cant factor contributing to the observed differences in
gene frequencies between the two most widely separated
populations.

Materials and Methods

Seven transects were established to traverse nearly all
elevations, aspects and stand characteristics of the Mt.
Rogers area (Figure 1). Plots were located along each
transect at 30.5 m intervals of elevation with the aid of
an altimeter and topographic map. A total of 35 plots
were established. This design ensured hat trees from all
the various site and stand conditions were sampled.

Up to 13 trees per plot were chosen randomly for cone
collection (mean number collected per plot = 8.69; range
5 to 13). Cones were taken from the top third of the
crown, brought to the lab, air dried, and seed separated
from cone scales by hand. After 45 to 60 days of cold
stratification, seeds were germinated on moist filter paper
in a growth chamber at 25 °C, under continuous light (94
#E m—? sec—?!). Germinated seeds (radicle extending at
least 2 mm but less than 5 mm from the seed coat) were
then used for isozyme analysis.

Electrophoretic Procedures

Megagametophytes from at least five seeds were sam-
pled from each parent tree to infer its genotype. Sam-
pling this number of megagametophytes ensured at least
a 93.75% confidence that the genotype was correctly
identified (TicerstEDT, 1973). While the stratification and

PINE MT.
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Figure 1. — Distribution of Fraser fir stands on Mt. Rogers,
Va, Lines indicate transects and numbers plot locations. Numbers
in parentheses are the number of parent trees per plot for which
genotypes were determined. The first number of each site is the
transect number, the second is the plot number within the
transect; thus 37 is transect 3, plot 7 in transect 3.



germination procedures previously described worked well
for most single tree seedlots, in some the minimum num-
ber of seeds failed to germinate. Thus for a few plots the
number of trees sampled were low. The total number of
trees sampled was 304. Sample sizes per plot are given
in Figure 1.

Megagamethophytes were homogenized in three drops
of a soultion of 1% phlyvinlypyroledone (PVP-40) and
distilled water. The extract was absorbed onto filter paper
wicks and the wicks inserted into an 119 starch gel
(Sigma Chemical Co.). Two electrode and gel buffer
systems were utilized, a Tris-Citric acid buffer (pH
6.2, NeaLe and Apawms, 1981), and a Tris-Citric acid/Lithium
hydroxide-boric acid buffer (pH 8.5, CueLiak and PitEL,
1984). Seven enzyme systems were assayed for each tree.
These enzyme systems were:
phosphoglucomutase (PGM, EC 2.7.5.1),
glutamine oxaloacetate transaminase (GOT EC 2.6.1.1),
6-phosphogluconate dehydrogenase (6-PGP, EC 1.1.1.44),
leucine aminopeptidase (LAP, EC 3.4.11.1),
malate dehydrogenase (MDH, EC 1.1.1.37),
glutamate dehydrogenase (GDH, EC 14.1.3),
and isocitrate dehydrogenase (IDH, EC 1.1.1.42).

Gel slices from the Tris-Citric acid/Lithium hydroxide-
Boric acid buffer system were stained for GOT, LAP, and
GDH. Gel slices from the Tris-Citric acid buffer system
were stained for 6-PGD, IDH, MDH, and PGM. Enzyme
staining solutions were as described by CueLiak and PrrsL
(1984).

An in-depth test of the inheritance of all the enzymes
we assayed in Fraser fir has been reported previously for
the closely related balsam fir (Abies balsamea (L.) MiLL.;
NeaLe and Apawms, 1981). However, inheritance patterns
were verified for Fraser fir by sampling 20 megagameto-
phytes from 15 presumed heterozygotes for each of the
variable loci. A chisquare “goodness-of-fit” test was used
to determine whether segregation patterns fit the ex-
pected 1:1 ratio for each individual tree.

Isozyme Data Analysis

The isozyme allele and genotype frequency data -from.
all plots was arbitrarily grouped into three subpopulations
(Figure 1) based on topography, disturbance history, and
stand characteristics. The subpopulation here after called
Mountaintop encompasses stands growing on the mountain
itself. These stands grow on all possible aspects from 1600
m to 1746 m in elevation. In the Mountaintop subpopula-
tion the average tree age is 101 years (Personal commu-
nication Dr. S. M. Zepaker, Virginia Polytechnic Institute
and State University) and according to Pyie et al. (1985)
it probaply has never been logged.

Stands of the Cabin Ridge and Pine Mt. Ridge sub-
populations are considerably younger than those on
Mountaintop (average ages 50.4 and 36.7 years respective-
1y, Personal communication Dr. S. M. Zepaker), probably
because they were extensively logged in the 1900’s, 1930’s,
and 1950’s (PyLe et al., 1985). The stands on Cabin Ridge
grow at elevations ranging from 1515 m to 1600 m. The
terrain is relatively flat and the Fraser fir primarily
grow on south facing slopes. The fir on Pine Mt. Ridge
grow in a narrow band between 1600 m and 1636m and
only on a north facing slope.

A chi-square “goodness-of-fit’ test was used to deter-
mine if observed genotype frequencies were in accordance
with expectations under Harpy-WEINBERG equilibrium. This
was done for the entire population and for each of the
three hypothesized subpopulations separately.

For each locus, Crow and Kimmura’s (1970) “effective
number of alleles” (v) was calculated for the total popula-
tion, and for each subpopulation. Gene pool allelic diver-
sities were estimated by calculating the harmonic mean
of the effective number of alleles of all sampled loci
including the monomorphic loci (GreGorius, 1978).

The distribution of genetic variation within and be-
tween subpopulations was evaluated and described using
a variety of statistical tests (contingency table chi square,
WorkMAN and Niswanper, 1970; F statistics, Wricur, 1978;
Grecorwus’ “9” index, Grecorws and Roserps, 1986). The
results of these tests all led to the same conclusions.
Therefore, only Wright’s F statistics (Wricnr, 1978), as
modified by Weir and Cockernam (1984), are presented
here because they are most commonly used in the liter-
ature. These F-statistics were used to partition the
total (T) genetic variation of the Mt. Rogers population
into components attributable to variation among individ-
uals (I) within plots, among plots (P) within subpopula-
tions, and among subpopulations (S). The results are inter-
preted in terms of correlations of uniting gametes (F).
FIT, FIS ,and FIP are correlations of uniting gametes
relative to gametes drawn at random from the total pop-
ulation, from within a subpopulation, and within a plot,
respectively. FST, FPT, and FPS are correlations of
uniting gametes within subpopulations, within plots, and
within individuals from the same plot respectvely, relative
to gametes drawn at random from the entire population.
FST, FPT, and FPS can be interpreted as the percentages
of the total variation explained by variation among sub-~
populations among plots, and among plots within subpopu-
lations, respectively. Weir and CockernaM’s (1984) modifica-
tions incorporate corrections for small and/or unequal
sample sizes. They also devised a method for calculating
the variances of each of the components. The variance
estimate is obtained by jackknifing across loci (i. e. by
recalculating statistics after loci are sequentially removed).

Phenological Observations

To determine the potential for gene flow among sub-
populations, dates of female receptivity and pollen shed
were recorded in the spring of 1987. The intent was to
sample flowering in more than one year, but little or no
flowering occurred in 1988 or 1989 so additional data could
not be collected. Weekly observations began before bud
break and continued until no further anthesis was ob-
served. Male and female strobili on three branches on
each of four sides of up to 10 trees per plot were scored
using the following scale:

0 = no activity,

1 = bud swell,

2 = bud break, but no pollen shed or female strobilus
receptivity,

3 = pollen shed, females receptive.

Female strobili were considered receptive when the cone
scales were open at 90° angles to the strobilus axis. Male
strobili were considered to be shedding pollen when
manual movement of branches caused pollen release.
Scores were averaged to obtain a single tree value. Ob-
servations were made for a five week period, between
April 23 and May 30, 1987.

Results and Discussion

Enzyme staining patterns were similar to those Neare
and Apawms (1981) observed for balsam fir. Therefore, the
enzyme nomenclature in this paper follows that used by
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NearLe and Apams. The seven enzyme systems were coded
by 13 loci, four of which were polymorphic (Table 1). The
polymorphic loci were PGM (1), GOT (3), 6-PGD (1), and
LAP (1) (the number in parentheses is the locus designa-
tion). None of the chi-square tests for segregating allelic
pairs were significantly different from the 1:1 expecta-
tion, verifying simple Mendelian inheritance, as was ob-
served in balsam fir for the same polymorphic enzymes
(NeaLe and Apawms, 1981; p values ranged from 0.1 to 0.9
with 34 of the 60 tests having p values 0.5 or greater).

The proportion of polymorphic loci observed in the Mt.
Rogers population in this study (30.8%) is similar to that
observed by Jacoss et al. (1984) for the same population
based on 20 loci (40%), and for two other Fraser fir pop-
ulations (35% and 45%). Balsam fir populations, however,
may have somewhat higher levels of polymorphism (50%
to 64%; NeaLe and Apawms, 1981; Jacoss et al., 1984). This
may be an indication that Fraser fir populations are
less genetically diverse than balsam fir.

Heterozygosity and Diversity

Observed heterozygosities at three of the four poly-
morphic loci were not significantly different from expected
heterozygosities under Harpy-WEeINBERG equilibrium (Table
2). The exception was GOT(3), where significantly (p =
0.05) fewer heterozygotes than expected were observed
in two (Mountaintop and Cabin Ridge) of the three
subpopulations. There are many possible explana-
tions for the lack of heterozygotes including samp-

Table 1. — Observed allelic frequencies in subpopulations of
Fraser fir on Mt. Rogers.

Locus®' Mountaintop Cabin Pine Mt. Overall
Ridge Ridge

N = 87 74 43 304

PGM(1)

1 .69 .74 .65 .72

2 .31 .26 .35 .28

GOT (3)

2 .88 .87 .92 .88

1 .12 .13 .08 .12

6-PGD(1)

2 .89 .88 .87 .89

1 +11 <12 .13 <11

LAP(1)

1 .79 .79 .87 .80

4 .21 .21 .13 .20

6-PGD(2)

1 1.00 1.00 1.00 1.00

GOT (1)

1 1.00 1.00 1.00 1.00

GOT(2)

2 1.00 1.00 1.00 1.00

PGM(2)

2 1.00 1.00 1.00 1.00

LAP(2)

2 1.00 1.00 1.00 1.00

GDH

1 1.00 1.00 1.00 1.00

MDH(1)

1 1.00 1.00 1.00 1.00

MDH(2)

1 1.00 1.00 1.00 1.00

IDH

2 1.00 1.00 1.00 1.00

1) Allelic designations follow NraLe and Apams (1981).
*) N = number of adult trees sampled.

82

Table 2, — Observed (O) and expected (E) heterozygote fre-
quencies for each of the variable loci sampled in the Fraser fir
population on Mt. Rogers!) Numbers in parentheses are the
expected heterozygote frequencies for the Mt , Rogers population

calculated from Jacoss et al. (1984).

Subpopulation
Mountain- Cabin Pine Overall

Locus top Ridge Mt. Ridge

PGM(1)

o .414 .351 <419 .378

E .428 .386 .454 .410
(.403)

GOT (3)

o .126% .167% .163 .155%*

E .212 .233 .149 .216
(.164)

6-PGD(1)

[o] .218 .213 .116 .201

E .194 «215 +149 .201
(.354)

LAP(1)

(o] .299 .322 .209 .299

E .328 «334 .223 .318
(.461)

1) Expected when population is in Harpy-WeinsrrG equilibrium.
*) Indicates significant deviation from expected frequency of
heterozygotes, p = 0.05.

ling error ,the Whalund effect, selection, and mating be-
tween related individuals. The exact cause of the defi-
ciency of heterozygotes for the GOT(3) locus cannot be
determined on the basis of the results of this study alone.
Although observed heterozygosities were not reported by
Jacoss et al. (1984), expected heterozygosities in the Mt.
Rogers population were calculated from their allele fre-
quency estimates for the same loci we sampled. At three
of the four loci estimates of expected heterozygosity dif-
fered substantially between the two sets of data (Table 2).
For two of the loci, 6-PGD(1) and LAP(1), our estimates
were lower than Jacoss et al. and for GOT(3) our estimate
was higher. Perhaps the great difference in sample size
(304 trees in our study versus 20 to 30 in Jacoss et al.)
and/or differences in electrophoretic technique are
responsible for the discrepancies.

Mean observed heterozygosity for the four polymorphic
loci was 25.8%. By way of comparison, NeaLe and Apams
(1985) estimated the mean observed heterozygosity of
eight polymorphic loci to be 26.6%. Jacoss et al. (1984)
did not report an estimate of mean observed hetero-
zygosity.

The estimated effective number of alleles were low in
this fir population (Table 3). Pine Mt. Ridge was the least
diverse subpopulation (v = 1.08) although the differences
among subpopulations were small (range = 1.08 to 1.10).
Jacoss et al. (1984) estimated that the mean number of
alleles per locus was 14 for the Mt. Rogers population.
Their estimates of mean number of alleles for other
Fraser fir populations were identical. Some examples of
estimates of the effective number of alleles in other co-
nifer species are: black spruce (Picea marianna miLr.) 1.24
to 1.38 effective alleles per locus (BoyLe and MoORGEN-
STERN, 1987), Norway spruce (Picea abies (L.) Karst.) 1.65
to 1.75 (Lunpvist, 1979), and bristlecone pine (Pinus
aristata EnceLm.) with an average of 1.49 (Hemerr and
Hamrick, 1983). An example of the effective number of
alleles for an anginosperm species is Europeam beech




Table 3. —~ Estimated numbers of effective alleles (Crow and
Kimura, 1970) in the Mt. Rogers Fraser fir population.

sul lati

Mountaintop Cabin Pine Mt. Overall

Ridge Ridge
PGM(1) 1.75 1.63 1.83 1.69
GOT (3) 1.27 1.30 1.18 1.27
6-PGD(1) 1.24 1.27 1.18 1.25
LAP(1) 1.49 1.50 1.29 1.47
Gene! 1.10 1.10 1.08 1.10
Pool

1) Harmonic mean of all loci sampled, which includes 9 mono-
morphic loci not shown (see Table 1).

(Fagus sylvatica L.) with an average of 1.55 (GREGORIUS
et al., 1986).

Organization of Genetic Variation

All indices and statistical tests indicated very little
genetic differentiation among the population subdivisions
(i.e. among subpopulations, transects, and plots). FST, FPT
and FPS values (Table 4) are all less than 1%. These F’s
can be thought of as the percentage of the total genetic
variation explained by variation among subpopulations,
among plots, and among plots within subpopulations,
respectively. Summing these three values indicated that
the total percentage of genetic variation present in the
population explained by interplot or among subpopula-
tion differences is 0.35%. Thus more than 99% of the
genetic variation, as measured by this index, is due to
within plot (i.e. tree-to-tree) variation.

Theoretically FST, FPT, and FPS cannot be negative
(Wer and Cockeruam, 1984). However, because of the cor-

Table 4. — F statistics describing the hierarchical organization

of genetic variation within the population of Fraser fir on Mt.

~Rogers!), Numbers in brackets are plus or minus one standard
error.

locus FIT FPT FST FIS FPS FIP
PGM1 0.081 0.003 0.004 0.015 0.002 0.078
GOT3 0.272 =-0.002 =0.003 -0.007 -0.001 0.274
PGD1 0.022 -0.002 —0.005 <0.001 -0.003 0.024
LAP1 0.065 0.003 0.005 0.01 0.002 0.062
OVER-
ALL 0.102 0.001 0.002 0.007 0.0005 0.101
(£.04) (%.002) (+.003) (+.013) (+.001) (+.04)

1) FST, FPT, and FPS tre the F statistics which partition varia-
tion among plots and subpopulations, They are interpreted as
the percentage of the total genetic variation explained by
variation among subpopulations (S), among plots (P), and
among plots within subpopulations, respectively. FIT, FIS, and
FIP can be interpreted as the correlation of uniting gametes
in individuals (I) relative to gametes drawn at random from
the total (T) population, from within subpopulations, and
individuals within plots, respectively.

rections for unequal/small sample size it is sometimes
possible to have values less than zero. This is most likely
the cause for the negative estimates at individual loci
(Table 4).

The lack of population substructuring could be the
results of high levels of gene flow. The most likely form
of gene flow is through pollen dispersal. Studies of pollen
flight have shown that majority of pollen falls within a
short distance of the parent tree; but also, some pollen
can be blown by the wind for considerable distances
(WricHT, 1953; Siien, 1962; Koski, 1970). Thus, although
most of the pollen produced by a tree is likely to fertilize
near neighbors, the small amount of pollen that travels
great distances can be responsible for gene flow between
widely separated subpopulations. Direct gene transport
has been documented over distances exceeding 100 m
(FriebpmaN and Apawms, 1985).

Phenological observations demonstrated there is the
potential for mating throughout the Fraser fir population
on Mt. Rogers. Since, on any one tree, timing of pollen
dispersal and female receptivity were coincident, relative
differences in floral phenology among plots is presented
for female receptivity only. Most trees throughout the
population were receptive at approximately the same time
(during the fourth week of observation) with the excep-
tion of trees on south-west facing slopes on Cabin Ridge
(i.e. those in plots 11 to 17, 19, 22, and 23; Figure 2). The
trees on this part of Cabin Ridge were receptive during
the third week of observation and showed no activity
by the next observation. These trees may have initiated
flowering relatively early because they are growing on
southwest aspects and at low elevations. In contrast, the
Mountaintop and Pine Mt. Ridge areas were not receptive
until the fourth observation. These areas are at higher
elevations and mostly on northern aspects. Elevation and

Asp Elev Plot SUBPOPULATION

180 5000 11 CABIN RIDGERI [ZZZZZA - —3
180 5100 12 " RYYY YRy M )
225 5100 13 u YT Y EEmm )
225 5100 14 " EXXXXI EXXXXY Emmm ) O3
225 5100 1S " XXX XXXXX] SEEm ) 1
225 5150 16 . XEXY XXXy - )
225 5200 17 " [— o R e—— i —
225 5300 19 " o e ZZzem ) —
270 5200 21 OO o ZZZZ2 Emmm 1
270 5200 22 " [ W 7.7 To B [ — ] st—
180 5300 23 :: ) EXXXXx zzzme 3 —3
180 5100 31 XN XXX ZZZZEA s
180 5100 32 " O XX ZZZm s
180 5100 33 " D XXXY7 [(ZZZ28 -
180 5200 34 " O XX ZZZE )
180 5200 35 " C O XN 77 - )
180 2500 gs " % Z7zz7) e
80 5200 L XXXX
! S400 24 PINE MT RIDGEC— 1 —OR ZZZ7Z7 mmmmm )
0 5400 2 " o COR ZZZZ2 aamm )
0 5400 41 " O oo 2722 aammm T
0 5400 44 " o OO ZZzz2 -
135 5500 45 MOUNTAINTOP— exx¥®® BZZZ) I s
135 5600 46 " o XXX XXXXX ZZZZZ)
330 5600 Sl " [ — T e— oa-a~e- [ s——
330 5500 52 " ) o X7 -
330 5450 353 [— e R ao (v B [ s—
330 5400 54 o O SRR ZZZ77 -
60 5600 61 . O o IzzZ e )
60 5500 62 " [—o R [ s—
240 5600 71 " (XXXXX] S
240 5500 72 " ] RXXXX3 ENSES [
240 5400 73 o O XXXXX XAZZ] s
240 5300 74 —=a ZZZZ2 E—— )
0 5700 Summit ) XXX XXZ7 Z7772 ?
1 2 3 4

KEV:

"3 NO ACTIVITY
I BUD SWELL

Asp = Aspect (Degrees)

Elev = Elevation (Feet)

0BSERVATION
ZZZZZ] 8uD BREAX
PN RECEPTIVE

Figure 2. — Observations on female receptivity of Fraser fir on
Mt. Rogers. Each plot was visited once a week for five weeks.
Obeservation 1 was during the week of April 23, 1987. Hatching
pattern indicates stage of floral development. Length of bars
within an observation designates the proportion of trees at each
stage of development.
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aspect are known to be important variables affecting
initiation of flowering (WriGHT, 1976). Trees in the Cabin
Ridge subpopulation which did not flower early (plots 31
to 37; Figure 2) grow in extremely dense stands relative
to the early flowering trees. Perhaps high stand density
slightly delayed flowering.

Once swollen, female strobili developed to mature
strobili rapidly. It is likely that the trees on Cabin Ridge,
in plots 31 to 37, and Pine Mt. Ridge became receptive in
a very few days after the third observation as strobilus
development was rapid (pers. observation). Thus, there
probably is more overlap in female receptivity than
indicated by figure 2.

Wind speed and wind direction data collected in 1987
on Whitetop mountain (directly adjacent to Mt. Rogers)
indicated that the frequency of wind direction is equally
distributed between winds from the northwest and from
the southeast; maximum hourly wind speed was 8m/sec
(MoseN, 1988). The variability of wind direction and the
relatively high wind speeds should spread pollen
throughout the population. The overlap in female recep-
tivity combined with wind patterns should allow for
substantial gene flow among the subpopulations.

Gene flow is not the only possible cause of the lack of
microgeographic diversity. Especially since studies of
other plant species have shown that genetic differentia-
tion among subpopulations can occur despite great
amounts of gene flow (Brapsuaw, 1972). Another cause of
the lack of differentiation may be population history. It
is likely that a severe reduction in population size occurr-
ed approximately 4,000 years ago during the xerothermic
period which followed the Wisconsinian glaciation (DeL-
court and DerLcourt, 1984; RueiNnHARDT, 1984). The bot-
tleneck may have-caused in increase in the uniformity of

“the fir population. There may not have been sufficient
time (only 4.000 years) for subpopulations to become dif-
ferentiated.

The lack of subpopulation differentiation may also be
a result of uniform selection pressures or the lack of
intense selection pressures altogether. Uniformity of selec-
tion pressures could be the result of a uniform environ-
ment. This seems unlikely for the Mt. Rogers fir popula-
tion. Despite the fact that the fir populaion covers only
a small area, there is a 221 m change in elevation, stands
grow on all aspects of the mountain, and there are consid-
erable differences in the disturbance histories of each of
the hypothesized subpopulations.

Most empirical studies of forest trees have demon-
strated that isozymes are not traits subjected to intense
selection pressures (FALKENHAGEN, 1985). This study also
provides little evidence of selection. Allele and genotype
frequencies were not correlated with any environmental
characteristic and there was no spatial pattern to ob-
served gene frequencies. Perhaps the enzymes studied are
not sensitive to environmental variation.
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Age Trends in the Genetic Control of Stem Diameter of Eucalyptus
Tereticornis and the Implication for Selection
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Abstract

The trend in the genetic control of diameter at breast
height of Eucalyptus tereticornis Sm. was investigated
using growth data at ages three, five and six years. The
analysis showed that variance component estimates chang-
ed with age. Both absolute values of genetic variance
and their relative sizes compared with environmental
source of error variance increased with age. Error vari-—
ance also increased with age. However the ratio of the
sum of the environmental components (6%, + ¢%) to the
total variance decreased with age.

Stem diameter of Eucalyptus tereticornis was found to
be under genetic control, the degree of which increased
with age. Selection for diameter growth should therefore
be more efficient when older trees are used in the selec-
tion process. Adaptive growth differences existed among
the provenances examined, the intensity of which increas-
ed with age. The Laura, Queensland provenance was the
best adapted while the Mysore landrace and the Port
Moresby provenance were least adapted.

diameter at
her-

Key words: Eucalyptus tereticornis, provenances,
breast height, ages, variance components,
itability.

Introduction

The provenance trial involving 11 provenances of E.
tereticornis Sm. established at Afaka in 1969 revealed that
provenance differences exist in the growth rate of the
species (OTeGBEYE, 1990). It has also been shown in another
paper (OTtEGBEYE, 1988a) that the pattern of genetic control
on height growth of the species varies with age. The aims
of the current paper are to show (i) the degree of genetic
control on diameter at breast height (dbh); (ii) the pattern
of the genetic control over ages three, five and six years.
Stem diameter is a very important tree characteristic
since it is a very important component of yield of forest
tree species. In fact, in pure mathematical terms, a 10%
increase in diameter will give approximately a 20% in-
crease in basal area, hence in volume (LaAuriDseN et al.,
1987). Like tree height, stem diameter is therefore a very
important component of commercial growth as well as
fitness.

Materials and Methods

Eleven provenances of Eucaiyptus tereticornis were
used for a provenance study involving the species in 1969.
The descriptions of these provenances and the establish-
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ment conditions for the trial have been given in an earlier
paper (OTeGBEYE, 1990). Each provenance was composed of
seed from a small number of trees, in some cases only two
trees.

The seedlings were planted at Afaka (lat. 10°37°N, long.
7°17’E) in July, 1969. The experimental design used was
randomized blocks with four replications.

Although, 11 provenances were involved in the original
provenance sftudy, only nine were considered for the
purpose of the present paper since the other two prove-
nances (Kennedy River, Northern Queensland and an
unidentified source from Papua New Guinea) were not
replicated and therefore could not be involved in the
analysis of variance. The nine provenances considered
include seven from Queensland Australia namely North
Laura, Mt. Garnet, Conjuboy, Laura and three different
seedlots from Cooktown, one from Papua New Guinea —
Port Moresby and a landrace from India — Mysore.

Total heights and dbh of 16 inner trees per plot were
measured in 1972, 1974 and 1975, that is when trees were
three, five and six years old respectively. However, only
dbh data were analysed for the purpose of this paper, the
data on total height having earlier been similarly treated
(OtecBEYE, 1988a). Analysis of variance was carried out on
plot means for each of the three ages examined.

Variance components and broad sense heritability (h%
at each age were estimated. Heritability was estimated
using the relationship;

2
~2L(BURLEY and Woopb, 1976; WELLENDORE
G"p + Oze/r
et al., 1986).
where:
0%, =V = Genetic variance of provenance means
o%,; = Vg = Environmental variance of provenance
means
r = number of replications
Gzp + Oze/r = VP = VG + VE = Phenotypic
variance among
provenance means.
Broad sense heritability can be used to predict gain in
first generation from provenance selection (Nanson, 1968).

2 =

Results and Discussion

The form of the analysis of variance used is presented
in table 1. The individual analysis showed that variance
component estimates changed with age (Table 2). Similar
results have been reported for height growth of the spe-
cies (OtecBeyg, 1988a), Douglas-fir (NamkoonG et al., 1972)
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