
ficiency, the confidence levels of tests of significance, and 
confidence ranges for estimates of variables (COCHRAN 1947). 
When the F statistic or the two-tail t is used to test dif- 
ferences among means, the confidence level is affected 
very little by deviations of the magnitude usually en- 
countered in experimental data (Box 1953, COCHRAN 1947). 
True significance levels usually range between 4 and 7 
percent for the 5-percent level and between % and 2 per- 
cent for the l-percent level (COCHRAN 1947). The one-tail 
t test can be more strongly affected by deviations from 
normality. Tests among variances and variance components 
are sensitive to deviations from normality, and special 
caution is warranted for these. But for the most commonly 
used tests, i. e., F and two-tail t tests, the normality as- 
sumption is usually satisfied by biological data. 

According to COCHRAN (1947), there are two principal ef- 
fects of heterogeneity of error variation: 

(1) Loss of statistical efficiency, and 
(2) Loss of sensitivity of tests of significance. 

The magnitudes of these effects are roughly proportional 
to the size of the differences between error variances. The 
most important fact again is that the F test is so insensitive 
to heterogeneity of error variance that Box (1953) says it is 
neither necessary nor useful to test statistically for it. He 
explains that, when plot sizes are about equal, preliminary 
testing for heterogeneity may lead to more wrong con- 
clusions than if homogeneity is assumed. The most serious 
distortions of significance levels due to heterogeneity 
come about throughout use of pooled error terms such as 
those often used for F tests (COCHRAN 1947). Use of pooled 
error terms requires extra caution. 

In Summary, SHIUE and PAULEY (1961) have overemphasiz- 
ed the efficacy of statistical tests for determining the 
validity of assumptions for the analysis of variance, and, 
while recognizing the dangers of heterogeneity, they have 
neglected to emphasize the general robustness of the fre- 
quently used F and two-tail t tests. 

Summary 

Presence of genetic diversity in a population is not suf- 
ficient basis for predicting, a priori, nonnormality or 

heterogeneity in data from progeny and provenance tests 
with single-tree or multiple-tree plots. Rarely will the 
environmental component of error variation be so small 
that the genetic component could cause failure of the as- 
sumption of normality in the analysis of variance of such 
data. Data previously presented and discussed in the litera- 
ture cannot be unambiguously interpreted to mean that 
single-tree plots are more likely to yield nonnormal distri- 
butions of error variation than are multiple-tree plots. 

Confidence levels for the most frequently used tests of 
significance, F and two- tail t tests of means, are affected 
very little by deviations from normality and homogeneity 
of the magnitude usually encountered in experimental data. 
Therefore, it is neither necessary nor useful to routinely 
apply statistical procedures for testing normality and 
homogeneity. 

When corrective procedures for nonnormality and hetero- 
geneity of error variation are needed, they can be applied 
to data from single-tree plots as well as multiple-tree plots. 
Therefore, no special restrictions arr encountered through 
the use of single-tree plots on this account. 
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The Morphology and Behavior of Meiotic Chromosomes of Doriglas-Fir 
(Pseudotsuga menziesii) 

By GORDON K. LIVINGSTON~) 

Introduction 

Two recognized species of Pseudotsuga occur in North 
America (MUNZ and KECK, 1959). Pseudotsuga menziesii 
(MIRB.) FRANCO is the most widespread, and ranges 3000 
miles from Canada to Mexico and extends eastward 1000 
miles from the Pacific coast to the Rocky Mountains. 
Pseudotsuga macrocarpa MAYR., On the other hand, is re- 
stricted to southern California. Four other species occur in 
the eastern part of Asia and on the islands of Fonnosa and 
Japan. There are seven published accounts of the chromo- 
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somes of the American species, one of which (THOMAS and 
CHING, 1968) deals in part with an Asiatic species. With the 
exception of THOMAS and CHING'S study on the somatic chro- 
mosomes of Douglas-fir in central Oregon, no studies have 
dealt with the chromosomal cytology of Pseudotsuga grow- 
ing in its natural range. The author knows of no published 
report describing the meiotic chromosomes of Douglas-fir 
in its native habitat and of only one study in Europe, where 
this species was introduced in the 19th century. 

SAX and SAX (1933) first reported the chromosome number 
of Pseudotsuga menziesii as n = 13. Their observations 
were based on haploid, female gametophyte tissue from 
trees planted at the Arnold Arboretum. However, both 


















