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ABSTRACT 
Analysis of quantitative  genetics in natural populations has  been hindered by computational  and 

methodological  problems in statistical analysis. We developed and validated a jackknife  procedure to 
test for existence of broad  sense  heritabilities  and  dominance  or maternal effects influencing quanti- 
tative  characters in Impatiens capensis. Early life cycle characters  showed  evidence of dominance and/ 
or maternal effects, while later characters  exhibited  predominantly  environmental  variation. Monte 
Carlo simulations  demonstrate that these jackknife tests of variance  components are extremely robust 
to heterogeneous error variances. Statistical methods from human genetics  provide  evidence for 
either a major  locus  influencing  germination date, or genes  that affect phenotypic  variability per se. 
We urge explicit  consideration of statistical  behavior of estimation and testing  procedures for proper 
biological interpretation of statistical  results. 

U NDERSTANDING  the  potential  for life history 
evolution in natural  populations  requires  infor- 

mation on genetic and  environmental  determinants 
of life history variation, as  well as knowledge of nat- 
ural selection operating in the field (LANDE 1982). 
Applications of quantitative  genetic  methods  have 
provided  estimates of genetic variances and covari- 
ances in natural  plant  populations (e .g . ,  VENABLE 1984; 
MITCHELL-OLDS 1986), which quantify  constraints on 
rate  and  direction of evolutionary  change. Despite 
recent  extensions of quantitative  genetic  theory, 
analysis of empirical  results  often poses severe statis- 
tical problems (MITCHELL-OLDS and RUTLEDGE 1986; 
MITCHELL-OLDS and  SHAW 1987). Choice of optimal 
statistical procedures may be difficult (e.g. ,SEARLE 
197  1;  SWALLOW  and MONAHAN  1984), and analysis 
of some data sets may be  computationally infeasible 
(SHAW  1987).  Nevertheless,  understanding of under- 
lying biological patterns  and principles may be 
strongly  influenced by choice of  genetic models and 
analytical procedures.  This  paper  illustrates  the im- 
portance of considering statistical behavior of testing 
procedures in order  to provide  proper biological 
interpretation of genetic  variation and  natural selec- 
tion operating in the wild. 

Basic models of polygenic, additive  genetic  variance 
(BULMER 1980; FALCONER 198 1) have  been extended 
to  consider  nonadditive  genetic  variance,  maternal 
effects, and  major  gene effects (COCKERHAM 1963; 
WILLHAM  1963; MORTON 1982).  Nonadditive  genetic 
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variance is typically partitioned  into  dominance  and 
epistatic effects. Dominance  genetic  variance is fre- 
quently  found to  be  important in plant  populations 
(THOMAS and GALE 1977; MATHER and JINKS 1982; 
SPRAGUE 1983;  LANDE  and SCHEMSKE 1985). Since 
directional  dominance is a necessary condition for 
occurrence of inbreeding  depression under many ge- 
netic models (CROW and KIMURA 1970),  the wide- 
spread  observation of inbreeding  depression  provides 
further evidence for  the  importance of dominance 
genetic variance. Epistatic variance is difficult to esti- 
mate with precision due  to large statistical sampling 
error (HALLAUER  and MIRANDA 1981), especially in 
field situations.  Maternal effects, due  to  either cyto- 
plasmic inheritance,  maternal  nuclear  genes, or long 
term  maternal  environmental effects (FALCONER 
198 1) are well known in plants and animals (WILLHAM 
1972; ROACH and WULFF 1987).  Last,  the  number of 
loci influencing  continuous  characters in natural  pop- 
ulations and  the  magnitude of their effects has been 
the topic of  considerable discussion for many years, 
since the genetic  architecture of quantitative variation 
affects the response to selection, and differs among 
competing models of evolutionary  change  (WRIGHT 
1968; MAYO 1980;  LANDE  198  1,  1983; MATHER and 

JINKS 1982; GOTTLIEB 1984). Despite the  importance 
of this question,  the  genetic basis of quantitative  var- 
iation is poorly  understood, since most statistical meth- 
ods  for examining possible major  genes  influencing 
continuous  characters  have statistical or empirical lim- 
itations that  hinder  their application to  natural  popu- 
lations (MITCHELL-OLDS and RUTLEGE  1986). In this 
paper, we show that most quantitative  genetics  exper- 




