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In estimating additive genetic variance and heritability, 
most forest tree geneticists assume that the genetic cor- 
relation among offspring (coefficient of relationship) of an 
open-pollinated tree is .25. Such offspring (often called a 
half-sib family) are all related as half-sibs only when none 
of them resulted from self-pollination and when all of 
them were sired by different males. When they are truly 
half-sibs and when the parents are not correlated or in- 
bred, the correlation between all pairs of offspring is .25. 
Since these conditions are usually not fulfilled, geneticists 
are aware that the average correlation is likely to be 
greater than .25. 

Assumption that the correlation among offpring is .25 
usually results in an overestimate of additive genetic vari- 
ance (NAMKOONG, 1966). Assumption that the parents are 
unrelated may lead to either over- or underestimates 01 
additive genetic variance (FUJISHIMA and FREDEEN, 1972). 
Biases in estimates of additive genetic variance in turn 
cause biases in estimates of heritability and of genetic 
gains. 

Average genetic correlations among offspring from open- 
pollination are computed herein for a range of hypothetical 
conditions. An attempt is also made to estimate the biases 
resulting from assumptions noted above, and recommenda- 
tions are given for alleviating them. 

Kinds of Relatives and Correlations Among Them 

Offspring of an  open-pollinated tree consist of selfs and 
outcrosses, and there are four pos,sible kinds of relatives 
(Fig. 1). Two offspring produced by selfing are self full- 
sibs. Two outcrossed offspring which have both parents in 
common are full-sibs and two which have a single parent 
in common are half-sibs. A self and an outcross, which 
have a common parent, represent a different kind of re- 
lationship. To my knowledge, this relationship has not 
heretofore been noted and such pairs of offspring are here 
termed "self half-sibs". 

The genetic correlation between each of the offspring 
pairs was computed in several steps. 
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Fig. 1 .  - Types of relatives that can occur in the offspring of an 
open-pollinated tree (seed parent). 

I )  Chief Plant Geneticist, USDA Forest Service, Southeastern 
Forest Experiment Station, Olustee, Florida. 

1. First, pedigrees were depicted for each pair of relatives 
(Table I). Here the parent trees were assumed to be 
non-inbred and uncorrelated. Thus, the genetic cor- 
relation (r) between parents of full-sibs Al and Al is 
0. However, under selfing, the single parent, X, was 
depicted as if it were two parents, Xf and X,,,, between 
whom the genetic correlation is 1. 

2. Next, following rules for path coefficient procedures 
(LI, 1955, p. 158), independent paths connecting pairs of 
offspring through their common parents or through 
their correlated parents, were traced (Table 1). Thus, 
there is one path connecting full-sibs A, and AZ 
through parent A, and another through parent Xf. 
Parents of the full-sibs, A and Xf, are uncorrelated 
here, so paths are not traced through them. But for 
self full-sibs, there are two additional paths, 
XIXfX,I,Xl and XIX„,XfXl because "parents" Xf and 
X,,, are correlated. 

3. Next, the path coefficients from parents to their off- 
spring (P,. in each path were computed: 

in which F1, and Fo are the inbreeding ~o~efficients of 
the parent and offspring, respetively (LI, 1955, p. 221). 
For use in the above expression, the inbreeding coef- 
ficient of an  offspring can be computed if the correla- 
tion between its parents, rp and their inbreeding 

f m' 
coefficients (Fp and FPm) are known (LI, 1955, p. 222): 

f 

Under the assumptions specified in Table 1, for an off- 
spring produced by selfing F, = .5 and p,.p = .408 
(footnote, Table 1). For an offspring produced by out- 
crossing, F, = 0 and p, . = .5. 

4. Finally, the product of the path coefficients and cor- 
relations involved in each connecting path was com- 
puted, and the products for all paths were summed. 
For example, in the case of self full-sibs of Table 1, 
the product of the path coefficients and correlations in 
eacli of the four paths is .I665 and the genetic cor- 
relation between self full-sibs is the sum of these, .667. 

If the parent population is inbred, the correlations be- 
tween offspring of an  open-pollinated tree will be larger. 
Inbreeding coefficients for natural tree stands are not 
generally known. However, if the degree of effective 
natural selfing (proportion of selfs vs. total trees in a 
sexual13 mature stand), s, is known, we can get an  ap- 
proximate estimate of the general level of inbreeding in 
the stand from the equation 

S 
F, = --- assuming equilibrium of gene and 

2 - s7  
zygotic frequencies (LI, 1955, p. 134). 

Under the Same assumption (equilibriurn), s is equal to the 
correlation among the parents. Thus, if the degree of ef- 
fective natural selfing in a stand is 5%, we shall assume 
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